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Abstract of WO 9847170 (A1) 

A methoci of growing a nitride semiconductor crystal having very 
few crystaJ defects and capable of being used as a substrate, 
comprising the step of forming a first selective growth mask 
equipped with a plurality of first windows for selectively exposing 
the surface of a support on the support having a main plane and 
including different kinds of substrates made of materials different 
from those of a nitride semiconductor, and the step of growing the 
nitride semiconductor, by using a gaseous Group III element 
source and a gaseous nitrogen source, until portions of the nitride 
semiconductor crystal growing in adjacent windows from the 
surface of the support exposed from the window join with one 
another on the upper surface of the selective growth mask. 
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(57) Abstract 

A method of growing a nitride semiconductor crystal having very few crystal defects and capable of being used as a substrate, 
comprising the step of forming a first selective growth mask equipped with a plurality of first windows for selectively exposing the surface of 
a support on the support having a main plane and including different kinds of substrates made of materials different from those of a nitride 
semiconductor, and the step of growing the nitride semiconductor, by using a gaseous Group III element source and a gaseous nitrogen 
source, until portions of the nitride semiconductor crystal growing in adjacent windows from the surface of the support exposed from the 
window join with one another on the upper surface of the selective growth mask. 











CO 


* « ^ 




< 










L 


T 






L 




5 


II 


it 


4b ¥ 


m 






CO 


fife 


ft 7? & 










T 






o 






?£ 




\ 




m 




L 






m 






it 








ft 




m 


fife 








A 


tt 




m 




t? 




£f ft: 


CO 


± 




CO 




ft: 


CO 




® 




it 


ft 








tti 




■a- 


51 






m i 


CO 




Srffi *. 


fc 


ff5 l 


co 


m 




fife 


ft 


-=f 


.x 








fife 


1- 




IS, 






t>* is 




ik 


3 Wk ft 






«t 




# 


^> 








tun 




ffl 




T 


> 
















8 


m l 


ft 






it 


CO 




B5 






\ 




n 




& 






X fife 


ft 


■f 








ft: 








51 




fife 










CO 


JL 






*J 


V^ X 




ft: 


t5t 


X 


fife ft 






5 


I 


fl 




& 




-r 


5 


0 









AL 




F I 


■7 4 is '7V Y 


L R 




S K 




AM 




FR 




LS 




S L 




AT 


Jr— * h ]) T 


G A 




LT 


y 


S N 




AU 




GB 




LU 




s z 


XVVyls K 


AZ 




GD 




LV 


H7V7 


TD 


5 s - -v— K 


B A 




GE 




MC 




TG 




B B 




GH 




MD 




T J 




B E 




GM 




MG 




TM 




B F 


-/jv^-r- • 77 y 


GN 




MK 




TR 




B G 




GW 








TT 




B J 




GR 




ML 




U A 




B R 


■y"^ •yvl' 


HR 




MN 


x =f /u 


UG 


7^>y 


BY 




HU 




MR 




US 




C A 




I D 




MW 




uz 




C F 




I E 




MX 




VN 




CG 




I L 


4 X ^ x;U 


NE 




YU 




CH 




I S 




NL 




zw 




C I 




I T 




NO 




CM 




J P 




NZ 








CN 




KE 




P L 








cu 




KG 




PT 








CY 




KP 




RO 








C Z 




KR 




RU 








DE 




KZ 




SD 








DK 




LC 




S E 








E E 




L I 




SG 








E S 




LK 


^ y • 7 


S I 









WO 98/47170 



PCT/JP98/01640 



w m m 
& m ft if 

* m w « , £ it m ^ m it & j& s # & , 

iojiVffbft^i^i^l'i "9 s m X- m it m ¥■ * i: » * 

fffifi 

L > 3 it m ¥ * f* > ^tidrl^-f-S-nL, *g £ tt t ft 
OTt SSK^^Sttw^l^S L*^i t a» , if £r # 

&<b&T-^^Lftl>Sl£<a±^/&g£ftT^S 0 

- ^fb^¥#f*^feT-S^t-^G a N * ii £ f£ 
«*&W5£miiat:::fc^Tfr:bftTV^2^ * 
rtf , ± <D X # $ ^ ^ 5 y — h^lSot^^tbtifc 



WO 98/47170 



PCT/JP98/01640 



2 

fcm <Df&&mmfo t Lt^ii^fflta t ? £ o * m m &o 

Tfc G a N A' ^ & iH fit # H T V> * V^ 0 

■£ ~ X % GaNlS^fStSttfHT, 0IJ X. fi£ W ¥ 
7-20 2 2 6 5 7 - 1 6 54 9 8 W fit . 

t77>f TSSOitZ nO/<y 771^1^1. ^r<DZ n 
0^y77iOitiftlfi*?r^f Jtfel, Z n O 

ib, t77^TiS^i:l;H^5Zn0^y7 7lO^ 
ill t£ fi£ IS < , ^ro±lll{bi¥#*^^^^*ttai©l 
fb^¥^*^i^#5 - i ttiLV^ 0 £ <b Id , fI©Z nO 
Ay77l©il^ S i L X ffi ffl L ft 5 + # id ff V> £ ft 

I*^-f t - F (LED) m 7- > U - if y ^~ - K (LD) 

¥*fttf i^^f^It^^, ^ |5fe <7D ^ V ^ ^? ftl $9 ^t- 

ft. x v 5 S £ ft & i- 5 r k ffi x t ti fi±\ * <z> ± u: , * ^ 
t# it £ f# fife i" 5 if fc ft £ ft m ¥ * ft £ /> * v> & X fa * t o 

5 & ft: ¥ s* ft iHr £ <n fife ft # m , & "0 s I- £ ft: » ¥ * ft £ « , 
*3iUt^©j; 9 * £ ft % ¥ * ft £ ts _t tn IS: it t> fi t- m ft #i * 



WO 98/47170 



PCT/JP98/01640 



3 

% w <d m 7jk 

u it m ¥ m fa t ti m & 5 w *4 -c ^ $ $ *i it m n m m t %% m m 
5 m <r> ± m ± i- r n h n fc s as % ¥ m # -e & & £ n fc t *& s 

fc fl> b 5 £ «r * © ± , iJjf ^©TffifotS^l^W 

Ultii^f 5lf 1 <D & & fl| 7L It m 1 

^ff^fSIg, *3 «fc Tje (b) ^/^*t3lS5c*«*3«fcV^^ 

* ® IS « s s£ SB 1 ^S^P>BW$nfcKTiSwS^ro^Si- 

* 9 « «fc "9 t> * * * t & ft % L ^ o 

^1 ©i?rix.fcil ©I^^gv^^lr, ^ ^ IB 1 <F> M tK 

1 <D&frb&mztiit%nft<Di$ft<D&mm<D&ft£ v t>± 

K*5J:5l:^^t5Ig, *JitJ« (b) # ;* tfc 3 & 5c 31 
M J; ^ 7 1 1 $ i ffl ^ t , ^ 1 ©ifkft^ifr^, %% 



WO 98/47170 



PCT/JP98/01640 



4 

*i8K<o^i*jj:rjt»2<or^'<^ M£ as t , $ 1 <75 3 

IR ft 7 9 ft , Sv^tiWL, IWU:ISl0>!S5r1*fiR-rasp 

tr m tje s k & © is su 7 / ia o#j*§ns-t* s » 

tl <75 m S»J 7 h 7 7° 05 <h * ft *l (75 f£ gg 1 (75 3g <75 <75 tt 

*5 , l 4r € x. % 2 0 JilTtfc^ ' H^iV 
g2<Z)77K^ M;^^x, ^©±1^ (0 0 

0 1) S*llt5t77^rSii?fc!l, # i@ S'J 7 h 7 
7° as , t77^fT© ( 1120 ) Il:^LtIE^*|6ll'I Tt'Z 
£ £ IS *s , ^ (75 ± ffi a> ( 1120 ) m * m J55c -r 5 f- 7 7 
T £ % T* 0 , & fll B'J 7 h 7 -T 7° & . t 7 7 7<D ( 1102) 

(75 £ ® a> (1 1 1 ) i&iricts^tf^/Uffi-efcti, # m 

B'J 7. h 7 7° flS , 7 t° * IV (D (110) BIC^Ltll/^ 

fp] k m xt z r t & m \Z. & t. L „ 

IB 1 Jfctt^2©77^^ Ml *5 ^ X , II (b) 
■C m 1 <75^{b^¥^(*:*t^^Wa^JR^ffi^fc 0 ^^^-^^ 
9 fT V n , ^(75)55cML7c^lc75^{k^^*fr^B B B(75±i-, ^ 7 

Xa (b) t^ft^tifcil ©Ifttl^t*^ft©i:i-« IB 
1 oaE^**i»#^*SSra*lW^«W 2 & 

^iifc^ 2©I^^Iv^^ ^r^tSlS (c) , 



WO 98/47170 



PCT/JP98/01640 



5 

x*#xft3m5umn&kx*tfxftm.mM&Ri^x, % 2 com. 
<kVD*m&& s m 2 <d & a>* mm Lium 1 n&ikm^mtev 
m m ^ ^ ^ ffi m z & 1- & ^ t $ ft -r 5 f§ 2 <d m it m ^ * # a J 

t5lS (d) S:^i:^tf:!:is-C#5o ~ co m & . W, 2 
<7>iiiRj&g^*^{i, ± IB IB 1 ©SiRfiJcS^** PI til © m 

£fc,#^^©!B3©T*^^M£J;*lfc£, ( a ) 3E ffi £ 
^^t5Sl^^»il:iftl¥lfti^r^t5lS, (b) 
t5ltroP3S^i^t5lS, (c) 

TI ffi ± m fg l <£> ft faM® -v * ? SrigiRffn^fifcLT, M £P 
XXI ( d ) ^ tft 3 W^^MW, ^oXZI^'^VtW.^M^:^^^'^-. 

*m&*&& it® *m ft m <om mm z 

l£ *3 ft -5 m l <z>31tRE5£-v** tl^t©jf^S:I&5r i # fc? 
Iff 3 © T ^ ^ h , ^©11 (c) s Hfl £B © ® f£ i? 

2 co ft £j ~? * ? %mf&L, * ti \z. x <o %% m u co m m h 
mm.fcw*mi£m*mtR&)izmm£ikzzk%:£bizt;t*z 



WO 98/47170 



PCT/JP98/01640 



6 

S'J ^ t- 7^ rf \z. x V) %U f$ & ti Z> b & ^. L- v N 0 * fc % r co 

* -a- % s s s *e j6 s . (oooi) ® & « j& -r s 

7T^T£«T-fo^, ^S- -fill S'J ^ h ^ ^ ^ 7 7 T CO 

(1120) ffii:*tLtIS*^|pH:iV5:^ 

t©±s^ ( 1120 ) m % m -r s ^ t << r m m -c *» 9 > ^s- 

fli B'J * h 9 ^ ^° # , 7 7 ^ 7 co ( 1102) BCMLtlE* 

if;WIIfii)\ ^oii^ (l l l ) 

ffi^fli^-r^^t^^s^-cfe^, # fi B'J * h 7 >r 7° a* , * 

t° ^ ;kd (l l 0 ) m id *t L X m B. ft ft S£ - t * s W 
ic: # * LV\ 

^'^tlii^^t 3R^iSM±, * o * /Hfc j&s 2 0 0 

l co ^ffi t m 2 co £ ® t % m L , 31 l co ± ® (c: 35 iiKte 
hh >:»isffi»«il:'>ft<, S2©±ffil:i£ v> ffi « « *S A ^ Pfil 

±fl5<©*ffi«tt©tefi^R&*si x l o 5/ cm 2^Tt&5 

s e> k * , ^iit<ttii^ * is w co g ft m ¥ * f* s m 

* H W <D £ 6> ft 5 Jg tt , JEA T co fB & «t » * <F> ft ffl 

ia*c $ lit ^ § 0 



WO 98/47170 



PCT/JP98/01640 



7 

# 38 W K *3 1^ T , & it m ¥ # flc « , I n a A 1 y G a 

!_ a _ b n (::t% o ^ a , o^b, a + b^i) tttr 

HI ® <D ffi K BH 

urn \z m. w ir & tz $> <d $tm m m m x* & y 

El -e $> 0 ; 

B3li, £ {L 4to ¥ & ft (D £ H e H W i£ £ ^ "T a = s> ht;HT? 

ni4(s, * h 7 j y* & <d m & & * ? % m n tz & <d 
¥■ m m t- h v ; 

s 5 a $3 j: t* b 5 b « % * & m <d m> <d nwt\z. % z> * 
m co ft # & & x u m i- m w -r 5 (D wt m m a m v h 

06AfcV^B6Ctt, * % W <D £ <b ft& <E> Wt # i- « 5 £ 
"C fc «9 ; 

El 7 A L 12 7 D ft , #3S9?<Z)£3tf>7;*^* h lH & 5 

Wi-*ifc«><&«l&»fSiia-C*>«9 ; 

HI 8 A fit , #$BI?l!<Z>£{t*fe¥*{*:gtR±££re$ftfc£{k 



WO 98/47170 



PCT/JP98/01640 



8 

m 8 b f£ % n 8 Aiz.^ztitz.mftyjj- - k * ^ © ¥ as h 

0 ; 

0 l l fi , * IS co 2 ft ft ¥ V fls S =K ± I- £ ft S ft 1t ftH co 

mi 2 , #3gw^£ffc&¥^ft£fc±tt:£ft£ftfc£b 

S HI T? 5 o 

* « w & in ffi # m t * *s p, El w -r s „ £ n *> 

HI l A~m i era, 3§ co i <z)T^^<^ h \z. #> 5 ^ it 

-e^msftfcS#i (J£AT, r^ast^j t 9 r. t a* & s ) 
^ # $3 <fc t>~ i h st< co t5 is ^ jo v ^ x x Tffii^ft, mmm 



WO 98/47170 



PCT/JP98/01640 



9 

mi i ± k. * *iw©fift*?ii- i , m # © £ ft % ^ * 

9o r ©Til 1 2tt s l-itilT^o-Ct, # ® fflf it -C 
feo"C^J:V^o E 1 A It 14 , m — « it © v 

77lHTf ^nt^5„ j; 5 ^^y7rl(i, ^ ft 

<0 ffl (o & -f- * tt Sr II fp L s <t 19 S Sf * ^ b b h 'ft £ W 1" § & flS 

^^^^^^^©i^^ft^sr^^T^st^^fc 1 ?, 

- © \Z 9 0 0 °C * ffi © (fi a x IS, 5 0 0 °C ~ 8 0 0 °C <D fg 
St, IK + > V * hP-A~IIty/^ ha— A ^ ^ O 

K-^L^tv^ry f — t° g a Ntlslts: l 

«fc «9 — Jll^^:Xfi6©^^^ N llEfb^^^{$^B0 ^ <7) _L 1~ Jj£ 
HKHSftS, #J * tt\ * m W \z. *5 v> T , # S « it 

li»5>45:^Tl5. r (D £ fe ft S & fls & ¥ * # Jl ft * 

Al x Ga !_ x N (O^x^O. 5) X* M f& & t Oft 
\z m * L ^ 0 r © $ ib jfe 6 & % ¥ * f* m i± » 66^^7 7 

^l:f^$ti5:t^IJ Till 1 2 , 77' ^ ^ 3 ^ 

^ m w & £ # * m m m % m mm-^m^n^ f * ^r-> 

•Y ^ iojc ft ( M O V P E ) , £ T- f — A t° * * i/ -t ;V ft 
& ( M B E ) , ^ 9 >T KMffixt^afv't/^fiS ( H V P 



WO 98/47170 



PCT/JP98/01640 



1 0 

Jib S 1 2 <7> ± , Till 2 £ # «J ( ® ft ) » as £ ^ 
5SI©|1 4 a~l 4 d *f tSlJlfiitf -7^^ 1 3 £ ff£ 
jsfc-rSo 0 i Ai:ii, #*L^1iHSS£L-c, it *R A * ^ 

i 3 n , % ti & & mm <d m m % & ir z m * v 7 j i 

3 a ~ 1 3 ej&>£>&5fc<Z>iLT7F$;fr-C^5o 1 1 AC^o 
^ T [4 , * h^^^l 3 O m <D * ^ — * *S SI 1 4 a ~ 1 4 d 

jfc * mi Bii^tct ^ (i, # is wi- 1£ # ^ ^ 3 m 7c 

iSio i^ti^'^-il^ffl^t, it }R fifc fi ^ ^ l 3 <D & l 

4 a ~ 1 4 d ^blttl tfcTifil 1 2(Dtffi!|^^bl{l;fe 
¥ 3»fls: 1 5 £ fifc ft £ iir 5 <, ~ J: 9 ^ it #1 fi£ ft * ^ 1 3 
id J; 19 * ffi AS S 4R a to ft ( fe 5 VM± > 8BiSlRfil- 

n m s *l ^ ) r mm 1 2 o ± id % ^fc^^^ft&fifcft&^s 

t , flJ SH , S ^ fig ft ^ ^ ^ 1 3 W^«jg±t(4f 

3g fifc ft -t£ t\ 3» 1 4i^J;'9®m$nfcT±t!3Jll 2 _b id ^ 

fbtt^^ftEdss-riB^wicijaft-rSo ant * ¥ * # a* § e> 

& i£ £ # Kg H 1 5B§lOC|l 4^ii s 

ft * ? i 3©±-r-fe^lt^-^]{cfifeft-t-5 0 flt # irU- ft 1~ 
saE-ftflfc^^frl 5 U ft , Til l 2©J:5tl*^l^ 
StSfftft^ift^l/i^ Till 2tf>*£fi$;R&i&s»!R 



WO 98/47170 



PCT/JP98/01640 



1 1 

fife ft ^ l 3lc:j;o-cai*3tu-cv^5fc», Tffil l 2 colfe 

IK $fk ffi $5 \tt id ^ V ^ 0 * , T ±t& S 1 2 O It A £ fife tt M $1 
fife ft * ^ 1 3 <D _L AS id *5 X , lft«!l¥i<t:^lHl 5 <D fife 

s b id , m i 4 ^ b «s (ft -r s *s a ^ t> fife ft -t- 5 % -fb * * 

f£gi!ffi(d^tiT< 5 tOU5i\ ^ 4» -C Jh $. 9 -f ^ m 

fn] {d <5 o 

r^J: 5 \z&fcWn¥mfc&& i 5<D^ft;^¥3f*^fifeft£ 
& 5 £ * 3<?)±ti^[pilu^It, mil 

IrI id t fife ft 1" 5 *B m 3 % fb 4* ¥ i* f* £ 1 5 p] ± # & a* <9 , 
^lt, 0ici;i7j*-rJ:$fc, t^Wl;^t®lta B a l 5 

»Lt-f*W^lfti*ift^a B B 1 6 t ft 5 c # * h 7 >T 7° 
^^.^ 1 3 a ~ 1 3 e<75±®{5{£^^:^#^-rS^fffiH^^ 
T * F7^/l 3 a ~ 1 3 eG9ft£^r6]id3£^5$5<-C/h£ 
l^Sl 7 a ~ 1 7 e \t , 115111^1*^11 5 ^ M 

tfc fife ft * * l 30±T?«^lRllCfifeSL, ^romta^lpJU:^ 
MtFTfifeftLT-^&LfctE-efcSc (HI 1 A ~ 0 l C id *5 
X , TJfii 1 2 , Ktl^lflSIl 5 *5 «t V & * L fc £ it 

m ¥ # * a i 6 id So it § is & as «t ^ *f *t ft ^ 9 m tt x & 

^^•^M-^idj:'?, mm mm i 1 ©±t^ft$tifcT±6i 1 
2*^tt«os8fifeSbfc^^ife^*frite & i 5 as # « it tfc «> 

^ < <d «g A X pfe *s « £ L x as "9 , c\ <d fg A £ Pfe £ ft: 4b ¥ * 



WO 98/47170 



PCT/JP98/01640 



1 2 

ft 1 5 <£> fife ft 4> , ^fi3t«Siifefil?>5#5o - # * 51 & fife 
ft -v X ^ 1 3 ±.i*M & £ fttc'£ikVd¥mi*tii& 1 Q CO^ftn, 

m m s « i i ^Tii i 2^e>j*fiL7^t©-ctt*<» £ ft 
^^^^i^^ i s^a^ft^fifeftt, inwtfiisift 

ft ¥ « ^ h b h 1 5 m ± tf-S? ft L T f£ b tb t <^ T & 5 „ t£ o 
>1 *R fife ft ^ * ^ 1 3 _h }n ^ fife $ tu m it m ¥ * ft & ft 1 
6 <D £P ft CO & ft ^ fife <D & tt s lilt 1 1 <b E ^ fife ft L fc 
gf H *fcl±TIi 1 2 1 4 a ~ 1 4 f 1*9 £l 30 #1 fife ft L 

fc g it «g ¥ * f$ *S ft ^ ft t it ^ T # S (3 /> ft < * § o - <d & 
© ^ ¥ z* # S <r> it V> <d fife ft £ 4£ 53 ffl 5 r t Hi D , 

f^S^Ii^ r m 1 A ~ la 1 C^tlLTtltS. 

;©i2©77'<^ h H s m. it m ¥ ^ ft go fife ft # ft m *j ^ 
r w: , ii & fife ft -v ^ * i 3 -c mt> ntz^n ft i o <DUft 

m IX <£> ti" « s £ 1 4 a ~ 1 4 f ^btffi §nfcj^f 1 0 CO 
£tf £r co ffi ft co f+ J; 19 < fc S <fc 5 H it fife ft * ^ 

l 3 Iri^tsr H5ftt$ns. r © J: 5 i' , 51 *R fife ft ^ 

* ^ 1 3 ti^tLfc^^f 1 0 6Ogtf#C0-^ff*®ll£&l 4 

bn & vifxiftft i o <Di$ft (D&ftmmm £ v t * # < i~ 

tfs # 5 o ^ 2 ©7^^^ M:fc^TU, r (D X 0 t£ W. t> 

*,it& &&mm t & m z titz&ft&mm t -t zm 



WO 98/47170 



PCT/JP98/01640 



1 3 

t^j^s^^^ i 3 ^ m ^ t ^ x , m i <d t * ^< ? h 

tiaj#0#i*^«tl9, £ ft L fz ¥ m ft *& H 1 6 £ fife ft * * 5 
~ t & T $ 5 (11 A-|lC^#,lLf;il©T^^^ h 

r<7)^2(7)T^-<^ M£ 38 1^ T « , Till 2 , # ft L 
t Wfc^i 5 ! 1 <Z> T * ^ ^ M:lLtii;I-<f:lft^b» 
IL^^, lltKHTH, -T t> h > * M IW • *3 J: 
15 » * tf> ft IS S3 T , 5 J$ ft: t Yi , IIS^i l * a» <b 
4 5i», * ft at £ tiL l l i: * ± ^ fife $ ft T ttJ Jl l 

V>9 * T* t < x 1 <7> T X ^ M:*5^T 2 <7> T 

ft: 1 0 (D :g ffi If 60 f f 1 4 a ~ 1 4 f fr> Utti £ ft fc 

W ft: 1 ow^ffillcD^ltJ:^ * # < fc 5 J: 5 i- 51 fig ft 

<^11I> 

n n m m 1 1 > -r ^ m it «t 5 m , g ft ¥• * ft t « 

ft 5 *t fife * ft fc co $> ft , # fM PI ft * ^ 0 #ij 

x. tt\ C ffi ( (0001) ffi ) s R ffi ( ( ll02) ffi ) * 
A ffi ( (1120) ffi) ^iIHttt5t77^r, *fc°* 
A- ( M g A 1 2 ° 4) <E><fc5&*fe*»te£l£, SiC ( 6 H , 
4 H , 3 Ci^tf) 2 t£ , Z n SIS, G a A s £ S , S i 
l^o i 5 fc , £ ft m ¥ * ft: ft 5 tt Vr -C ^ fife * ft t- m 



WO 98/47170 



PCT/JP98/01640 



1 4 

m * m ^ -5 - t & -e # s o 4*5, ^ ft ¥ ^ ^ ^ ft 4 1 ^ ^ 

IS(iiltZnOlS,La x S r x _ x A 1 y T a x _ y 

o 3 mm) ttfflTt^^-itt*^. itisit is i 
>- ^ & L< «i 4 i/ ft •£ tc n ^ ti ± <n ±m v 4 x * m 

m S £ & l l J: Ltli, tK ¥ m b tf- 7 T ^ ^ /v $ ft ± 
ffi „ $ h {d # * L < »xf-^tt:t77y^^^fc±gi 

<t> m m i i ttx m.&fcw-te'r ? k t . & m §p # b t & 

t LT^5„ #f7xai^A©iIMfilif^tfcJ:^ 0. 
5 * ^ 7 * hn-i., i 7C t J: ^ 2 t y 7' ^ h n — All 
m M ft £ ft , IS il: & IU £ L < 7£ fig £ ft T 5 » #^7^/8 
^ B 3 0^-^^'^ h n — AJ^T, ^ b lu jtf t L < II 2 5^" 
V ^ ^ Fd-A«T, i^$UB20t>^^ h n — A 
J^T-CfeS r H^It LV\ x 7° IS: M B <D T PS 13 2 2f- 

Bfe $ ft t v> « r t *s a * L *s % as^^Ci^^Htv^tt) 
j: ^ 0 * 7 ft e t Yt s t" ft i' t 7 7 y 7" /v ^ h fc i ffi 



WO 98/47170 



PCT/JP98/01640 



1 5 

Htlllll 1 t LTCffi^±Si Ltlt5t77^7 
< o . Sbin»*b<tto. emuT-vhZ^ 

ir I- «fc "9 , #3B*n;:IEo-Cfifcft£*S'< 
$ ^5 Era Pfii ^5 'fe V "* 'ft i& 3is ^ ffl 1 5 t 3 s "C § 

^» J: ^ ^I^*ftv7^ l 3 li, ^(D^^\z. 
SMfcfc ¥ # j£ft L V* ft* , fe5 VMJsES L t < V^tt K £ 
f t5lt^T*iRSc$H5o <o J: 5 W tttJ: fit , W i li , 8fe 
ittrJtik (SiO x ) , ^ >r >f §Sf (Si x N y ) , It {b 
^9 1/ (TiO x ) % |ftv?/l/3 = n (ZrO x ) © i 

5 & gMfc & t> u< s <t w , *ytctbf>©^«ii*s$*n, 

* , 1 2 0 0 tJ^l©iiS^|f5^I (Mx.!4\ W, I 
r s Pt) ^ffl^KHX'Ho r^^wl^^fi?^^ 

^^]6 0 0 °C~^1 1 0 Ot^iailCti^., <7) * ffi ^ 
ffc 4fc ¥ * # jO* j£ ft L % ft L Id < ^ttfS:tLt^5, 



WO 98/47170 



PCT/JP98/01640 



1 6 

ft-^^^ i 3 & ^ fife i~ 5 {' (4 , y * h y y^77^-fiffi* 

Bfj£tf>JI2:|fc&*ri"531ftJ*A"v** 1 3 «r ^ fife T # S o 3 W 

fife ft ^ ^ i 3 © ^ & m w »i n tt * < s m x. k y h > * 

h ? 4 7° s Hftor^tH^f & te. 36 ^< £ J: 3 , 

& <£> 4@ 53'J * F7^f 7 1 }: \^ X * m <D M U {iL\^J&l& 

^tll^fiS^ ^7^7"l 3 a~1.3 e) ft 5 

J}5«P* & x h 7 4 7"-? * ? 0 * L < 14 

0. 5 ~ 1 0 0 // m , $?3(3$f*L<ttl/xm~50/im x 
&*5$?*L<te2~3 0/*m, £ <b ft *3 £ L < f4 5 ~ 2 
O/im, ft|:Jf * L< Ii5 - 1 5 /i m©g (Ws) &|L, 
£ it & * h 7 A 7° ' ^ * CD PbIPB ( # SS 1 4 © (i (Ww) idffi 

^ ) St 1~ -5 d <D it ( w s / w w ) n i ft v n L 2 o , J: "9 £f 
iL<iii~i ot*fc5:H^tlv\ w \z. , ± J6 ^ 

tfs £ Lv> „ 3: ct> » , Ws/Wwitlt 1 ^ii, 2 Ogl 
T"CJ)5:iHSHi:ff*l<, l & i@ a: , l oeATTfe 
S^^^CffJ Lv\ ^h7>f7 p -^^^WMRB (Ww) Sr 

Jj; T -T 5 n £ 19 , ^ fife cd J: 9 - Jf '> ft & ft ¥ 



WO 98/47170 



PCT/JP98/01640 



1 7 

PI (Ww) fit , 0. 1 (imJ^itfeSrH^t Ll\ •=& 

i^t l, n k i$ id 13 c m ps t? a ^ ^ ^ & f$ i o o 

SEittd^ts r. t & 0 * LV\ 

m v J; 9 # £ L < 12 0 . l~3 M m, # id £ L < fit 0 . 1 

ii *x $c ft * ^ i 3 tt x ^n^«j;'9«t>n7^siJ^^p>tt^ 

#*jJ:tJ<t*#tf>«SBfl-c r ji ft J -7^^ 

0 3U, m. it m ¥ m & v> *s a » ss & ^ -r ^ =■ * nr /na 

fe 5 o SI ft: m ¥ * # tt 3E m id tt £ Bff f* fit 5£ "C & 5 ^ N ~ CD «t 

5 id A ^ A $ T 55 M T? # 5 o * 3§ 93 cd # & "C t* * HiSSi 
1 £ LT»t L < C ffi & £ ffi <t LTtt5t770!lS 

6 ffl V ^ il 4R j£ ft * ^ 1 3 « , ^ti?HiSt77^7Ag 

t^t Ltii^^^ics^tf fTi-it;^ ( v> v^ a> x. a t s 

^^fe^^f^coMffi ( (1100) ffi) It ff * IrI 

V co < 1100 > # ft ) Id S td (d jg rj? 6 ) $c co ii J§iJ ;* 

h7>f 7 , ^f>ijS$il5, -f * fc> > ilfllOt 7 7 71 

^CD^ffi|H-e&5IIl4id:JoV^tt, t 7 7 7 IK 1 1ft, 

f-7r-frc®^±ffit L,^-y^>-^ — v-a v y "7 y Y ( o 
RF) S^ASHTl^o HI 4 id ^ 1~ <fc :> id , 51 iR fife ft 
* ^ 1 3 Sr^tlf tit77^7AHJltLtSi*lRlT\ 7£ 



WO 98/47170 



PCT/JP98/01640 



1 8 

^ \z ft 5- M Xf 5 % & co ffl gij * F 7 -1" 7° t J; <9 t# f& 3 - <>: 
^ , 5 O 60 flU 8IJ * h7-f 7°L^^^TV>^V^^, ^ x 

<t 9 # < o^sij^ h7^7°^i)t^ti-c^5r itatt^ 
Sft**i#ttirt^»AiiitJit urspfT«;*i^"e^* u 

1 C (31 7j* L tz £ 5 * b b b 1 6 W fig ft flS S BE t & 5 o - 

Ol^, 1 3 ±&##fo£fi&£-r5&te & 

1 5«iIftJSSt/ii3t)77t j/ FF (I l B#,| ) , 

l^lio^tt, 0»J^rfORFBSiSRB5Sr#^-fS tt5 £ » 

? ^ -j"-? * ? & z> z t iz & v> , * y j ? * * <nm 

;7j ft # T ^ fb 4^ ¥ ^ 7J* fife ft L ^ -t" VMS [6] ^ $> £ * * 
b b b * Pfl (7) /> ft V> £ ffc ft ¥ « ft 3& b b b Sr fi£ ft $ * 5 r £ # "C # 

* fc, ^ t° * ( m g a l 2 ° 4 ) i^Lt^ £ ft: ft 

a* mt^¥^#<7>j&ft® ( * t° 

^^©±1) t Lt (111) ffi £ ffl ^ , ORFlii (11 



WO 98/47170 



PCT/JP98/01640 



1 9 

o) ffi^ittsi^, (i i o) & \z. n t 

T¥tT^i^('^SL.^i-vM^fS]{'fe5o Hot, (i i o) 

ffiii^LTia^^tsicivs j: 9 m m & <d ^ n & m b»j * h 
7^f^v^^iit5h rarest fc&^fti&iSri^a 5 

51 *X $ 5 ^ * ? 1 3 <D ± ^ t£ L T , IS a% X m <D >P ft £ ft 

#j ¥■ ft * l 6ft)$ftS*5itis-e*5. 

< & {t ^ ¥ *f ft H ^ J# S > 

Tcilfcil/^'^^ISl^ffl^TMOVPE, MBE, H 

v p e ^ , m it ¥■ ^ ft £ J* M £ * 5 fc ib \z ii & v> ft 5 

^ ft; ^ ¥ ^ ft li£ ffl , *flt$i£«MOVPEtc:J;9/&S£-tt:, 
5l*«tMOVPE*fcttHVPE|:J:D)*ftS*5ri:is 
» * L v> 0 ft \z. s ilb^^ifr^Blii, stilts J: 9l-> 

SJfflCiiMOVPEia^fi^, ?ll^f HVPEia 
MOVPEia^Htl^lft^lftHSli:!^ 3 

aR<z>^^tc*r-rsa**©^^©*/nt (t*i/3 k « * 

^ Jfc ; T\ V / in Jt i: ? r fe 5 ) £20 00 

^ T CSfit 5 r £ it £ u^o » * Lvn^^M/3^M^ 

it i 8 o owr-c&u , $ h \z. m * t ^ ^ * as / 3 k m 

*^tt!4 1 5 0 0 U T -C & 5 o £ 3H M / 3 % ^ * /V it tf> T PS 
*± ^ ft si it ± -e *> n 4# ftj pg $ tb ft v> # N M * L < fit 
l 0«i, § L< Ii3 0£JI±, *>b$f*L<W:5 0 

K±tl)5o :©*^JtofiiS 2 0 0 0 iOU^v^, 5R 



WO 98/47170 



PCT/JP98/01640 



2 0 

i 4 b = ft m <d m. it m ¥ m # & j& ft u » 

* ^ Pfe "O* T v> < <z> -e , & & Pi # ifc * -c it * 5 r t ifi 'P 
ft < , *S*^ffec«iS#<45, u ^ * m / 3 $m ^ 
;utt^ 2 0 0 0 «Tl:iIt5 ^ #^Ib1 5 f4 , * 1 4 

4R fife ft -7 7 ? 1 3 itilllt^ti^lSi^^^t^fcfe^ 31 
iRfi5cft-7*?<7)±J|®^*5V^, IS £ ^ Pfe # & I 3 "C it * V 

o ft o T , H ^ Pfe (75 «fc V) - jg /> ft v> m. it m ¥ * fls e B B^ s 
fifc ft "C # 3 „ MOVPEfi, 5 0 ~ 4 0 0 Torr ^SlffTt 

fx 9 - i ^ !j$ ^ ^ Li/\ 

MOVPEi:j8^TI3, & % M <d # x m n , W X. t£ T is 

= r . t k 7 i? is m <d tk m it m # * % m , 3 m m v> # * ^ 

fit N TMG ( M^f n) s TEG ( F 'Jxf ;^ 

V ? A ) «?0>W»#y£^#*> TMA ( f D ^f/V7/^ 
- ? A , TMI (M]^f;Wyv^!?A) f©fl7/V5^ 

* , HvpEia^tftft^l*^!^ M *- 1£ *l it u v 

*A|£fit:j£ft£-£5i§£^ & Sfc # U ^i»^JS^^^±^H 
C l if * £ m t , -^SUwtf^tfcJ&W^&T^^^Ttf*;* 

GaC l + NH 3 -^GaN + HC l + H 2 



WO 98/47170 



PCT/JP98/01640 



2 1 

f itS^MO V P El£Jt*fcL-t&{fFJ£A_h5£v^£>-e, M X. it 3 

o o /im©ift»f^ft^i^Fflt«1^5:H^no 

38 *5 ^ -C , £ it % ^ m ft ^ £ & N il |R ^Jc ft * * O 
*I t> «fc 5 fl s , 1 n m^i, ff* L< Ii5 m m&i, 
£ L < tt 1 0 m m«±©H$t^S$t5r t^S* L^„ 

«t 9 t'>^^t , j^s^sm ft a* jg#j£ft^* 

?£>±£##ft(::fifeftLd< VMS ft & 5 o t 5 , £1X1^ 
Jt & ft ^ < ft 3 ffi IrI K: fc 5 „ £ ft «J ¥ * W- 75 ft 1- fife ft L 
ic < ^ & # TMi , ^ fl UI^I'>H§:H51L^o fife ft 

$ it 5 m. it m * m *t & <*> ff s ± pi td ti m \z m m \* % ^ & * 

MOV P EC i ISIs^ft^fT ^ 7 0 m rnl^T t 

-TSrt^M^LV^ 7 0/zmJ;'9)?<fifeft$^5i:, fifeft 

* 5i & fife ft -7 ^ * a* # ft? l ^ -r « ft ^ & s fc «> , *> * o 

W * L ^ i: tt^ x. ft v^ 0 

& ( 0»J x. te\ & A 1 6 , * 

fit ^ T i£ 5 «g b b b 1 7 , & ,H 1 16, & H B H 7 6 ) ti , 7 > K 

- 7° S {fc iS y n*f:ttni^MIK-7Ift#^ "7 ^ "C *> 

«fc 0 J? v> g ft; « ¥ a* fa fa 0 h b £ ^ m * '> ft < fife ft $ * 5 fc 
, W & M O V P E T £ it m ¥■ * ft: j£ ft £ j£ ft $ -fr % o 



WO 98/47170 



PCT/JP98/01640 



22 

jH co ± {c: fi£ ft £ -fr 5 r t as # * L^ 0 

HI 5 a*jJ:V0 5 b ft, ^ co X b /jj «t 9 J£ v> & -ft & ¥ 3Mfc 
i|gA<a$g#fe£lfcEl-5rt:fc<z>ltfffil3T&5o 

HI 1 A~H 1 Ci#iltKiLfcil O T * ^ h £ fc 
I i i 2 © T X ^ t£ MOVPEia!)|f Jtlfct 

f fc 4to ¥ * W- m *5 A i 6 co Jh \z % H v p e l: J; ^ IH « <z> g it 
if^^^fr 1 7 &lNfc&¥i*#*£A l 6 «fc 9 *>JSv^J?£*-?f£ 
ft £ ^ 5 o ~ tf) £ 9 , HVPECi vMOVPEgSl 6 
©iii^ $ b l^MitM) 1 7^ElSH5h St ft ffi 

v s m B a H x Pdi is t h if ta < & o N ^ As id sjg a x a$ # # ^ 

ft *g A 1 7 CO fa Mi , *©T©MOVPEiftftf*ft 

*gAi6J:!9t>$fcK:4>fc<fc!9, 0fl tt\ * lift W K: , * ffi 

IH « * s 1 XI 0 5 / cm 2 J^f©|*iXPl^f t Stfbt) 

¥ & # ^ a s « i 7 *s » b n s o mmmmcofaih xmii . m 

£L<(2 5X10 4 y / cm 2j^ T r N $fe(ClS^L<«lX 
1 0 4 / cm2j^T,*ta*b<«l XI 0 3 / c m 2 

TtfeSo te&mmmmn , mitm^-mfcfamco mmmm i 

Sfifi»i) l^J:«9W-ffl-C*5o # IS ft ^ T > fi£ft£ 

n 7t se it m ¥ * fle ^ a <o ^ a x m n , t e m \z. a y @ m ( i - 

C) o 



WO 98/47170 



PCT/JP98/01640 



2 3 

HVPE|ftft^i*g|l 7 n * MOVPElftft^l 

ft: A i 6<z)J?£<fc»jfcj?:vMi } <z>-eS>»9, * L < f4 l o M 

m«±, J; Hit L< 115 0 m ml^±, ^[I^t L< lil 
0 0 /i m^iro)?§4:f HSS* LV^ 0 1 0 n m «t 9 

4> * ^ £: , f&&X$fa<D&&'j>fj: < ft <9 \z < v^ ffi frJ I- *> S 0 
ff £ CO _h pg tt # iz. ft ^ tfS , lmmKTOll^aSL^, 1 
mmiOKIIHSi:, Iftfe^ifriSSIi 1 it 

* 38 91 *3 ^ T , £ ft «9 ¥ ft: h b b 1 6*3J:i;/*fclil 

r. tfS * L < > ^f:r©nI^i»©II^^IS B 9 B l 6 * 
tt l 7 (7)*tLf ixlH3V^t4gE^lto J; 5 {-nM^FM^^ 

K-yt§rH^^i^ftt^ 0 » £ *j e « ^ it ft to -e *> 

0 T t N X x y -f ft T fe o T «fc „ L< ft, ^ b h b 

1 6 J; V l 7©^tif Hli^^t, nS^^E^^il^^ga 
« , Hill H^Itl5II|otnl^lE«Si5/hJ 

< ft 5 J; 5HW$titl^rHSI*LV\ 

^ili 6^ftt, n M ^ M *fe fit , ISSSi i CJfi^fiJ:'!; 

m m k - 7° $ n , p m m & a 1 n m * m «b « > 



WO 98/47170 



PCT/JP98/01640 



2 4 

11, Till 2, jitKj&ft^*^13£r[&£L, 

mtzmm i e^iai^ts^, $ & \z & it ® * m & & & & & 

ilSlinl^MI^ K-^L/c^fbtl¥#f*^0 B B 1 6, 1 
7 ©iffifflt^IffilCIIli LI#5o life o X , :oltliS?: 

n AO m m j& & m t ^xmm-r^^t^x^x, ^mm + w 
^ ^ ^ ft: ^ £ s « ± \z. & & $ * ft m i- m it ffli d» e> = * ^ >- ^ 

Id K - 7° L It 3L it VO ¥ * ffi * 1 6 * fc 1 7£nm®^J& 

* 38 W *5 T , g <k m ¥ * flc *S H K-^t5 n M * M 
^^rLTtt, Si, Ge, S n % S © 4 0g 5c Hf > 0 * b 

< »i S- i *5 J: T>* / * fc. s n^ffl^5;^-cl5 0 

M^^^ltt, 5 X 1 0 16/ C m3~5 x 1 0 21/ c m 3 
IS -C K — 7"t5- ti s i*L^. 5X1 0 16/ c m 3 i <!) 
'> J& t , £ it m ¥• * Jfc A 1 6 * it 1 7©^t!)7|| 

a* >f + 5> t & 5 cd -e , ia^:^^iS;</«e5ffliRji-*>So £ > 

nSi^>fi4fe»flE*S5 X 1 O 21/ c m 3 £ 19 ^ ^ ^ 

ft ffi as sj -r s fc. «> > ^ a as $ < & 19 % *g a xm^m* 

t5l^l:fc5o nl^Mllt lX10l 7 /cm3~ix 
1 0 20/ cm 3<^fc|art^K — ^^5££aS4#l::$F*L^ 0 



WO 98/47170 



PCT/JP98/01640 



2 5 

- #} ^ ^ 1 6 £ fife -T S ft* ( 0IJ X. &\ HI 1 B <D J* J£ ) -C 
yfT9:yK^5o t^fc^., MOVPEiaUIftft^ 
2g W- ffi £ l 5 *W ;* * i 3^)±{^«^iR]»c:^SLTV>5dSffi 
PI 5 £ fb ft ¥ * I* & ft l 5 [SJ ± # ft -T 5 fill s H V P E £ 
ft ft ¥ * fls £ i 7<z>j£ftSrlM*fri*-frS££:as-C#So 

IS 5 A ^ 1" J; :> ^ ^ ^ ft ¥ ilM* &j Jl 1 6 *5 «fc t* 1 7 £ fife 

S J-f fci, fCHiWtS i HI 5 A * -r * it * % <r> 

-^•^m^mm t l x m m l , *<7>±i;:j!ra<z>£ as 

^-1tit^^^-t-^-t^-e^5o & 5 vMi , HI 5 a <d m is i- 
ML. '>/i(HSilfil l , Til l 2*3J:t*a«jSfi 

-r * ? 1 3 a ~ 1 3 e S T^ISSfi 1 1 <D ±ffiKmW.ftJj 

mm mm i i©si^^fiist5:i:iaot v & 
it ft ¥ ** # m B B B i e t ^ ft « ^ * & m <a i 7^b*52i» 

lo2fls«i¥*frli«i J #e)ii5. £ £ ft: ft ¥ * ft & A 
1 64t*U4t5h l5Bii^tJ:9i:HVPElftfe 
¥ 3? fls & ft i 7^5,457 y - <D £ ffc ft ¥• * ft: *| ft S 45 ti* # 
bH5o r©H v p Eljti¥i*Iitt, ±©is^^b 

i 9 l:,Sffii^©^ B B B ^te^ 1 X 1 0 5 / c m 2 

Ttfcsriia ^»#tnix5 0 :©HVPElftil 
#ftX«te, § 61:, nl^jUftasK-^Siit^s:}:, 

i: > * £ ® ( fife fi #* MS ® ) tSSt5 o t (t/ifc*), 
AiStEl l i^tnstoix) n m * H ft ft A * s * * < * 
5 ~ ^ tf5 5 <D ^ T ft d> 1 oJfctt2-oKl©#H^f L# 



WO 98/47170 



PCT/JP98/01640 



2 6 

3 o B'J <o m. & fa h i~ 5 t , r©J: 5 tft fc*ifcSStt, SB l 

(i\ g fk * * # A i em, * 9 ± -c tit # ft \z. * -e ft 
$ -fr 5 B B H ) £ ft $ -£ 5 ill k , if i^ctitli^i^^ 

jf s A 1 N , G a N , AlGaN, InGaN^W^-fb^) 
¥■ i* # b t> ft , Till 2iR|l^ 9 0 0 t*ioiS 

ft £ 3o iOfiH^s'7 7lSrJ«fiS*ti»fe^R8l!c 
aEftW^^ffJSASrJStftS^rS - £ t*«W©ttffllwIt5. 

<7> fiJc ft # & , Ifi©«S^iaoXliflSt5 r. i t £ -c 

fo <5 o 

& (w , H B H ^ Pfe (75 «fc D V "* ^? *f b 4^9 ^{^ 2|f£ f$ i^p bh I8£ 

O IS 2 CD 3M£ o T El 6 A~H6 C &&ffi. L T Ift 

5 „ £ "f\ B6 Al:7i?tJ: 5 1:, iiill L < IPKfc*^^ 
© IB 1 *fc(i^20T^^^ M£t£o-CJ*ft£*fc£'fbtt i l & 
3* ft: *g A 1 60«i^i:>Iiat)»lLT77^ h * ffi 4: % 

t$tfcf , t{tft^iftis s B B i 6©*siii, s ft * m 

ft: $£ & 1 6 ©SSS:Si5^W^*ffiS^5«»©S!!4rtt5SI 
2<Z)il^^ft^^^l 1 3 Irf fifet^o il©IW^fi-7^ 



WO 98/47170 



PCT/JP98/01640 



2 7 

^ i 3 ico^t©tai ( # n , b #c > if>@ , j? £ , ^> b #t > 

i2«I5lfi£ft-77^ l i 3li, iiS, IgicoitJKj&g^ 

* ^ i 3 ©^^feitf Hfciiii^r^$n5o -r ft fc> *> , 

£^&10i^ffc^¥**3& H B B 16t^#ffi^k3g£L, g 

1 3 0) & 1 4 a ~ 1 4 f 7> *b M 11 

& Bfe as & ffi k m n t 5 r t as *> <9 1# § g ft 4to ¥ m f* M B B B 1 

6©^^^i^5l^2®lKfiKSv7^ l l 3 Sri^L 
X > ^ ft % ¥ ft: B B B 1 6CD^®^3ltR^i^at±i^*5 0 =fc 
^^Wlili, ga 6 Ai:tt, IRriEft^^^ l l 3 li, SB l 

^iHRfifcg^*? i 3 t m m , mm* b ? 4 -f 1 1 3 a ~ 
1 1 3 f a» e> fc !> , h7>f T'fi, ii^^ft-^^^i 300 

& 1 4 a ~ 1 4 f Id St i" 5 , Ifti^ilfJH 6 (Dmm 
fll^I? j;9l:&lLT^^ % 1 1 4 a ~ 1 1 4 e fit , 

h 7 ^ ^ ^ ^ 1 3 a ~ 1 3 e <Z> IS l£ f> * « ftfc K # 
JES'-T 5 « « ^ ffi * L X S „ r^J: 9 1-^2^51^^*-^^ 

* 1 1 3 , %i 1 (DM til ? 1 3©igl 4C»^t5 

fili^fiSctS r i [: i 19 & B B B 1 6 colB^^PI^Rii^S 2 

^*L<l*|g20jS^^g^^^ l l 3 ( X ff *> n 2 ft 
6 0) «P # ) ^^^-^ffiStSrmi^il^fiJcS^ 

* ^ 1 3 tf> 1 4 a ~ 1 4 f (a»68t|iiLfc2ft:«&¥*#l 

6 <r> % 9r ) »^|+^ffi^J:i9^7^#<i-So Jlte #J I- , ig 
tK j& ft ^ ^ 1 1 3©lt^K5/ h v * F7^7"ltML 



WO 98/47170 



PCT/JP98/01640 



2 8 

tz®&\z.te. m ol k y v <d m m m > mitx h ? * -rm&fc z 
n^KtSo rtnao, «t 9 - js ^ 1% <d /> * % it m 
¥ m it £ n Mm i 6©±i:^s§t5:HK'l5o 

& k , m it w * m fcife m> i q z & & ts & z m & t m m (D ^ 
sia^ % ft m ¥ * ft d i e i:Ri©Hbfe*l*il 

N) £ j& fi £ -± 5 t , 06Bi:*tJ;9li, Bl l BSr#IL 

tfen 5 in o v> r t& bu l /c is] m \z m it m ¥ m ft *s g i i 
5 m ^ * l , 2oi^Bic5"7^^ i i 3 ± -c ffi m 

z> -g.it m *miti& m* i i 5 m ± & o ft a> 19 ^ 1$ l & - ft <o & 
it m ¥• m it 41 1 1 e^ftfens. r <a * £ > m 1 o&it® 

¥ m it g£ dl 1 6 _h j& ft $ 5 SI 2 co g ¥ * * A 1 

1 O^fb^^Slft^iil 1 6 W±|I^I§tt^50T\ 

^ ^ ^ 1^ J; 5 ft B B H ^ ft! f§ £ L tc: < £ % te^-T 

5 ^ a * n& '> ft < ft t) , ^ < l r & Mb & \z & h it m 2 <d m 
it m ¥ m it & H B B 1 1 e a* » e> *i 3 „ ;©^2©ifti¥i^ 

ifg 1 1 6 £ 3*i fit it ffl ^ ft a £ ffl s r £ m «t 9 , # 

T ft < , & it m ¥ * ft: 1 1 6 \Z t> , £ ft #1 ¥ * ft 1 6 * fc 

«i7 (nic, si 5 a # m ) <d m ^ t m m iz. l x n m^f m 
* ^ co ?g j& i * ax k 3\ % m < & it m ¥ * ft *£ a ^ ft « , & 



WO 98/47170 



PCT7JP98/01640 



2 9 

fct£-?x?%&f&L, z<D^x?(D_tiz.^ mt'^-Mitm^m 

3SWc9£##i:iw. gte#>¥3g{£&fifeft£-arfc&, r co ^ ft: 

m # « f* £ v ^ a *s H B H t Lr^f^Jtes-fk^^aiffSr^^iK 

#ft<z>j£ft&»*Tl&KWK:«;£ffl<0*fci£ft$**«v^, 
rn^^Stfra^iRji-fSftS-tirs n ir «fc <9 # m ft b n 5 
^ ib ^ ^ ^ f£ co ft ^ & -e & s 0 ^ ft; ^ ¥ 

co ft ill fr L ^ ^ i jCtsri-CifeD, * fc. fit ^ IrI 

(c:j5jcft$^5r<ttt, Ifl ^ ft $ ^ g ft ^ ^ * co ^ ;»j 

^ift^fiicl^s : ^iii;oTii^Li5„ ' «fc 5 \z. & 

&jjfa&um£titcm.<kVo*mftte. m # ft t^h m # ft i- & 

ft & *& «> * fife ft «: SBt it T < i*<&j£ftfcj!ni;t-CWT*ra:frlR] 

r©i 9 fc£ffcW¥*#^j£ft;frfa&fW»LTfT5#359i 

^ £P £ L £ , J^T, 07 A-H7Di#iLtJ:»lft 

H 7 At^t J: 5 T * S l 2 if I* L4fcliigfifc 
^liitl l^b^S^^flsi 0 co ± & <k % ¥ * Pf m 



WO 98/47170 



PCT/JP98/01640 



3 0 

7 i &m^L< fi 3: l owBlJif l:bfcot»)iit5, 
Jfiffri oil, IIISi l feiVTill l 2 Srtftt, 1* 

g ft m ¥ * f* 1 7 1 , ^Mi^ K-^Lt^*^ ( T V 
K — "7° ) £ ffc # y 17 i» ( G a N ) \ fc5lMi±Ci^fcnI 

K - t" L fc g a n -e ^ j& i~ 5 r t & m \z. & * li\ 

£ ft ^ ^ m it m 7 i n % % a -e , idwinieoot-i i 

0 0 °C , #f £ L < f* 9 5 0 °C ^ L 1 0 5 0 °C (D T X 

ft: 1 0ltElftH5:HK*l5„ ^tt;^¥#{£Jf7 1 fit , 

& v> 0 Lia*^ Ifbft^ifrl 7 i is, 100^-^ 

Jfc fc. % H 7 B ^ i~ «£ 9 > X W it 1 0 ± \Z M $ H £ 
ftft^^fti 7 1 |:«ISSC©[!!IS|5 (B7Bl:i4, 6 o <£> PB gtf 7 
2 a~7 2 f iSfl&ii5. £AT*«:©IlflSPSr»li?UT^tc.|ia 
35 7 2 tv^9 r t d5 fe 5 ) ^Jf$)^LT^-lM1^7 2 <DMWa\zi$ 
i> T fg l <D ^ jt: 4£i ^ *H {£ Jf 7 l &ii#l&<jfc:8Sm£-*5o L 

MikVo ^mitm i i <d ±.mm ±.& xx?wn 7 2 a ~ 7 
2 f <Dj^m±^^n^ftis n # 7 3 a ~ 7 3 g?^$nsi 

1 ^^^^^^^^^^(^^^-7 4 a ~ 7 4 f t^$tl5^ 
2©?7^ff^if5 0 I 1 ©^ftiilvx^ 7 3 a ~ 7 3 



WO 98/47170 



PCT/JP98/01640 



3 1 

^ ? i t & &> r> s I20^fiffli^^^ 7 4 a-7 4 f & U 
t # h 5 o ^l*3«fO ? ^2(D^SftlJ»-r^^ 7 3 $5 7 4 

% !Bl*JJ:tJ«JB2©r7^^ hf ici LTll^ll^ Lf:I 

lfc © HQ 7 2 a ~ 7 2 f ft , -t <D M On I- & T £ ffc » ¥ 
* Jf 7 1 Sr^tif V> 
* S ^ ft <D h <D "C £ < , 0»J «\ IB BiJ R ffi ft . ft m ft i> 

X ft flc l 0 ©±fgiSt3l«6«j^¥tT/jiSB*«fife-t-5 - kftft 
§ T , l^lCiotttJ^ftl Ort«itI5«S*-P, ^ fife 

ts:HK*^. mm 2. <Dmz \t . 7 1 

< , fa^mtft 7 2 <7M»J ® k ^ ffi L fc £ l&J ^ *g ft Jf 7 1 05 

J: 5 fc + #fcff$fcSB2<0j*ftffiiJ 7 4 a* ^ f& $ 

*l # ft fcf J; ^ o # HO «P 7 2 |± % l 1 & H ttl * * ft <^ 

i^clltKH^tK, ^{fc^^a|{£Ji7 1 J? £ 



WO 98/47170 



PCT/JP98/01640 



32 

2 & ^ <d mm X* mnmm i i ^i^tst^tM^ 

T 3 <t , l2©^I|IJHv^^ 7 4©f mU 7 2 

©Sffi©^-t-#i£(^2©^ftlJi^^; 7 4 # 3# ^ L 
id < < , Z <D X 0 \Z. m 2 <D fig 5 M W ~? * f 7 4 *S + ft \L ft « 
£ IK l l ©tI^|ot/£^S^i:ii, UlSfii 1 a> <b fr 

6 t£ ^ fe 5 o Ofl £fl 7 2 0S$(tS/ioT^TU^^> [a 

7 2 , ii m > mzm£\zMf$.£tiz> 0 

7 2 % «: It 5 fc. * tt , IftftfifrlT l 4: £B # ft 
# » f"J 3i s> ^ v jjr , ? ^ is v ^ 4$ as .-a * ti S 0 ? 4 *s v 

m h ft 5 OH «P 7 2 ^L^ti/\ 

xyf y/ia!)I«^i*|7 l Id 31 4R ft ^ Dfl fFP 7 2 

w hv^^ & ^KL, u ^ * & 

€ 7 l |;MLtX';f >^t5l t i Of^tl 5o £ 

*b ¥ M f* S 7 l ? = y h =■ v 

*5- is 7 s V J 4 v 3- > ? % <n 1h Y) * ¥ » * ® & ^ 

i~ 5 , 9*t< ttK7>fxyf y/S:ffl^5. K7^ x 

-/ ^ > ^ ^ n , #<j x. a r j& >r * >- 3i ^ >- y ( r i e ) % 

SfStt^f t y t" - A ^ f > ^' ( R I B E ) % « ^ if >f ? er 
Hnyx^f y^' ( E C R ) , ^ ^- > fcT — A m jy ^ is V (I 

be) a* ^ * n , v^a-Lfc^s^^rtf^SriSEaft-*-* 



WO 98/47170 



PCT/JP98/01640 



3 3 

z t x v , w. it® * m <t & ^ * > r x m m o w to 7 2 

£r m fife X £ 5 o #J x. , #WKAas$fctJ:itiJKLfc4#IW¥8- 

1 7 8 0 3 ^^#ffitt<&aHfc»¥*ffc<Z) ! £#W*3:s'^l'^ 

$ H Bfl 7 2 {RiJ ® , H 7 B \zl Tjk -f «t 5 I- A ffi S tR I- *t 
UlilJii-efeoT^ fc5VMti> if" ^ *fc ^ ifi * V-l&lk 

7 2©i^iSxyf ^ W ^ ^ J: S * 

ff2 fife © £ *l # ^ # /> ^ & M# 5 o 
xj/fy^-r*|l!]gP7 2 5rifigf5i^, Iff l <£> ^ f 1 ^ # 
fls: € 7 1 ± \z x ? tf W <D m * M & L frm , % (D ± m v V x 

h m % m j& l m <d s< ? - ^ % l , mtt, ^fiL-ci i 

cD-v^^ 7 3 £ m fife L ft , i 1 ©Ifti^i^I 7 1 £ 
y^^^i-5ri:TIHHfP7 2HMt5:HK't5o tic ^ 
il ©Y7^ 7 3 L, BaSflS7 2«rJBj*LfcaHfc4&¥ 

#fr|7 1 Id St L T , o^^)-7^^ 7 3 & 0« [H] £E 7 2 <75 jg ffi , 

® $f $ ti^lffliv^^ft|4I^ff^L, #ij *. W: C F 
4 to 2 *^ti5 F7^5/f y^ia ^ M {fP 7 2 © 

ffi±o-e^^ttfsf^%ai^e«j^3iy^-^^Lx 2 © * ^ 

7 4 Sr fife i~ 5 o ^^M^tSi, «^.tfBI 7 B^tt, 
f§ 1 O T 7 ^ 7 3 LTH^$llt>/^/j^ H « ^ 



WO 98/47170 



PCT/JP98/01640 



3 4 

jttn-, mi<v^*?7 3%%LK>y%^^xfrb, m $s <o # ife «fc 

9 , iRl^^;*^7 3<7}^fife£;h,TV^fc^^^[I^]^ft7 2<Z>J£ 
IilCilfcit;*2©-77^ 7 3 *S J: IT 7 4 £ n € J15 

7 4 *y 1/ ? \Z & K> 7 2^11151^, ^ ^ >- ^ y 

-TUblfll*!? l«r±B5d»e>ISfe*LT|UIff|S7 2 £ ^ fife 

Lfct, _h id 34 -< fc J; 5 i- OH SB 7 2l*]&#^g{fct>¥^&Jf 

7 1 £ ® id fife ft fiilj $W * ^ # ^ Jf £ ^ l& L , C F 4 tO 2 # 

* id £ 5 F 7 4 y 3^ is ? \Z. £ V 7 2<£>{R|®Sfl#<Z>Efeft 

ffi 2 (D fife ft $1] ft -r * ? 7 3 *5 J: 0 7 4 ^ [5] B| t ifi^ t 5 ^ i 
J]?:£idPJLTi;ii-<3£, f§ 1 O fife ft ftj ft * ? 7 3 XXI 

m 2 <D&&Mm-? * ? 7 a t t> , ^tiitsubfe^i* 

^if|Ofifeft&PfiSLftVNj]p:££^1-*U*\ £ V^ id A * 5 1? $ 
Hi^^t^t #J XL &\ m 2 <D J&S:Mffl-? * ? 7 

4 « % # id £ S S « 1 i±i:Tigi 2 £ ff£ fig L * ^ * ^ I- 
> pagp 7 2 ©UltlSIS l l ?:IttJ i 9 I- + 

# id m < x £ L < W: , d tb id An £ T , H©f 

t" ^ * - as % £ L m & H- # * J? £ > ^ fife s tb 5 r 
H^liff L^i>> IL, HQ §15 ftij B ^ £ fctS -T 5 £ ft «9 ¥ * S 

7 1 w & b <d m it m ¥ m # *s a fig ft & pa « -r 5 e ir < 

x tt ft <b * r. t \t h *> 5 h x h 5 o tf >- * - ^ 355 ^ 2 o -v 
^ ^ 7 4 £ , fc° ^ * - d» e> s ft m ¥ # <fc d s « * 



WO 98/47170 



PCT/JP98/01640 



3 5 

x. b n § o * , en « , is i <73 fig * my » -v * * 7 3 « , it 

l <z>j*ftfM»T;** 7 3 co J? $ ) ft 1& < /iSOt^hSrit 
T^f^-v^^ 7 3±-e1t*f^i-fi5cftL^ > -r< ^5tfe59. 

5 o 5 i" 5 m , x. tt\ 7 7 (DMl&$: 2 mizfttf X ft 

U5t, I l © fill ft (M » ^ ^ 7 3 tt, Ilifii l I: 
*f L , ffei-iE^^JB^Stft-^^^^Saattil 1 l^t^i 

JS ft , Hi (DrfLSfflm-* * 9 7 3 CMLt^KlfflSHS. 

t^fc^,, 1 1 7 3 it, B? ffi a* n w wane 

<d m m <d m m 7 v 7 -r •? \z. j: 9 f# fig £ *l 3 r £ a* # * t^o 

^ <Z> 1^ > # HU * h 7 7° 14 > t77^7Cffill:t77 

>r TAffii-#LTfiii:*-ftt'£iMd5pfT{d3f'0 ? ;5 £ 5 ^ j* 

J tl 5 ^ , t7 7^7Aiii|lt7 7^7Rll:#Ltl| 

# ft Id £ V^ Id 5p fy S| TJ5 5 «fc 9 * 7t }2 * f 

* (l l l ) ® _L \z. 7 t° ^> (i i o ) ffi|:» Ltil* 

fain s v mc: *p *t & 5 <fc 5 i3i ^ fife $ tt 5 r. tv>„ 

t£ o T , #5flS5 7 2lt *<z>«J:3ft;*h7>r:7 ,, :|K/*ft*J»^ 

5 ft w p^i ^ ^ £ n 5 m o ti s ^ ^ n tu^ # ^ h ^ ^ ^ 
t^^ft*«j«i^^^ 7 3 ©?ffir^ t c¥sit^*ts r 
t & n £ L^ 0 



WO 98/47170 



PCT/JP98/01640 



3 6 



* L< ttl 4V>L2 O /» m 4 J:9ff4L<lilO-20(im 
))Sa*L<, ^ © PS ft , $f * L < « , 1 ft ^ L 2 0 /z m , 

3j8iV7 4*f|jJLfcft, 121 7 C ^ 7j* -T «t 5 {' > ^ 1 *J «t 

ftft*i»i7 i a) m ttj j«3 s a> e> g <t « ¥ * f* 7 5 & ^ g $ 

121 7 BSr#RBLTttWUytJ:5li» ^ Jb 7 1 ~« , 

* , na m <d m co m m ) & x u m ihs 7 2©jKffi* s ^*fW 
$p * ^ 7 3*3 j;v7 4 ici ^itm^m-fcrn 7 1 
«: , w §p 7 2 © i ® 1; *3 v> t © ^ 1 w l t © -e > ^ *a j* 
St^lfcfe^ifrtt, M <b m ¥ * f£ Jf 7 1 ©rosiRW* 

arwffi<D*^bfiRS-r5o -r * t> *> , mtm^mw- 7 5 n , 
& «9 , on §15 7 2 © ± s ^ it -r z> t , mwmm\z$& 1 <Dj$.&m 

&j ifa 7 5R±«, m I CO T * ^< ? h ft XTim 2 COT ? h 

\z. m L T % 0^ L it X 0 \z. , lVM^*LT|7Dl^fj; 5 



WO 98/47170 



PCT/JP98/01640 



37 

Jftk fl^jq gl3 >^ CD "C V ^ *ffi (31 & $f B% £ W 

ft $ * 5 ^ $ £ ft <lfe ¥ * ft ^ A 7 5 tt , S <fc » ¥ * « 
7 l fcRaroSfbft^ift-CfcSii^ffSK, r >- K - 

7° t> l < n nm^nm f-zg a n -e & s r t *s # 0 * u 

t r ^5 -C , ffl 3 CD T * M- *3 ^ T , |20liEgffl|-7 

v £ fc: t> , A t£ fS H £ ft ¥ * ft: 3£ A £ J* ft S J fr 
5 r £ # T £ S „ ^ cd i§ , m 1 (Dtftmfflffl-? * ? 7 3 

io£XPW%$7 2^o\<->X\-±, W,1.5$&XfW,2(DT*'<? M- 
MLTtft^LfclglcDjii^J&ft^*^ 1 3*J«fcl5SBltf>&l 
4 & 1 rofifcftfffltt^:** 7 3 *3 «fc I* M £R 7 2 
IS 1 j3J:Vi2©7^^^ MULTIK Lfcl 1 cd il *R 
ft -7 * ^ 1 3*3«fct5SBl<7>&l 4{C-oi^-CCDffii£;g:ij|lcDj5£ 
ftiW»T7^ 7 3 & £ t>* DA S|S 7 2 ^ ^ L < ifi ffl 1~ 5 - <!: # s ~? 

z <Dm& , mn 7 2 1 0 <o&m & 9 

ifi^t/i^f ^wt^itfcSo ;i<z> *& m an* . 500 

£* i co t£ W h t> Z> «k 5 I- > * IS m <D 7j & id J: K> & ft $ 
iifclftfe^ift^il 6, 17, 1 l 6 33 J: 15 7 6 ( £i. T , 



WO 98/47170 



PCT/JP98/01640 



3 8 

;Hf>eiSiSr«»ltSii o o o t^^o :ii 5 *)5) 

iK m a* # at m * < , <o ± k. Bff © & it m ¥ * # * =t 

|g PJ^ CO g lb % ^ # |£ S « « , #(d^l~^3<^T^-<^ 
hl:«5*fet J; 9 fife ft £ ft fc £ <t «5 ¥ * f* * « > 85 1 « 

±®t^2^±ffi^&WL, noiB ( -r ft t> % s mj-m 

it £ % & ~f 5 m fe 5 j& ft & AS E ) K 55 ffl & tt ^ h b h ^ Pfe 

a* *g *r ft \z & ft < , m 2 <a £ ® \z. s v^ « ^ i* ^ a ^ ^ # ta at 
±m & <o tissi i i k ia a & *g -r „ r <D % it to ¥• m 

& co :g E ffl iSjUi , n + ii^ifilL#5o f ot, £ ft #1 

^^fr * f © n ill ^ ^ © inci it 5 ; £ m J: "9 s ^ i£ 

t # , ^ tH £ Pfe AS li^WlO^^iit ( m 1 V> m « ) £ ffl 

r& a* ti *t #j ^ ^ n % (m2(Dmm) ^islt^s, t 

I2lt5:t^f f£ IS 1 co ffl i$ , * * 1 3 , 73 

M m -f 5 ffl i^c T? £> 19 , S£ |g 2 CO ffl j£ , SS 1 4 , HQS 7 2 

* IS 93 co £ <b ft ¥ * # * tt , ^^iolftft^lfflS 

ift^*i^£«tt, 5Sf*l 0, (13, 113, 

73, 7 4^) & i& * t -r , 7 v -(Dwm-vm + mmz^w 



WO 98/47170 



PCT/JP98/01640 



39 

uwtuta, i o, * ? % m x-tc~£ n <Dvtm 

%:$&m (D 7 V — (D^it^H^^W-^WLVt, 7 0 m m W -t > 
^L<(*100MmJ^±, i L< tt3 0 0 // mK±© 

)?$ t5 r H^i Ll\ 7 0 m mg±©f tti 

«\ mmmitvo^mfcrnfate, # i n k < < & 0 , * ^ ^ k 
y y^^iii^5o i? £ © ± i- it k m m « * ^ # , 1 m 

n , i-5 0/im©f^it5;HS|fiLi\ 

H « S l 1 £<z>3fcflg3B^»<z>^K:J:'9, 

r> m - /> £ fls ^ S 5 r fc /> < S e 

Bf^o^^wflgsr^-t-fcw-cfcnwr, m \z. m m £ n -r > l e 

D 3f ^ » ig , LDif it^Sr^tfds, :MH^^5t) 
CO T* tt ft ^ o * IB W CD * m it , '>^< Knltfclip 

m <d m. it m ^ m it & tt r t a* -e § 5 „ m^h ninti^ 



WO 98/47170 



PCT/JP98/01640 



4 0 

m t <o m w k tt e> ti fc. 2 o <d ^ ^ ^ Ki^i^wt-ft 

$iKt*3^t v p m>J feilltn fill, ^ M *. fi& Jf i- *f L 
T S ** iR'J Sr ft * L , pitli, pi^MI^K-^L#5l 

L^S^ft^^atfrSSr^tpfiH-CfeSo 

18 Att, ;£3B9J<Z>^{fc4&¥J*#:gtRl 0 0 0 ©±|u^lt 

Z <D W-Mm-? $> Z> * 0 8 B f, ^ S i 5 II , r^>LED* 

0 8 AilTPt J: 0 0 0 (D ± \Z ft , 

S i © J; 5*nS^MS; K - 7° L fc. g fk % ^ *g ft #1 * n 
M G a NT^feilfctifl|^y77l8 1 ^I^$tlt^5„ 
r (D s< y 7 7 m 8 1 tt % il^9 0 0 °CJ^±(Dii;^'T?fi5cft§n 

g ffc #3 ¥ >H ft IS ffa "C &> "9 % rO*||^y77i8 1 l±, £ 

«£^<z>±tcj£e$*L5£{bfc¥*ft£^tfr^?F£^&*tfii 

C|:t3tt5^y77il 2) t H HI BIJ * *L , n 1^ 

41 -g- , :©^>y7rl8 i k, 20tyf7, FD-^ai© 
^ta**I45j|l l *s J: tj? g 2 o % <k % ¥■ * ft I* 6 Sr £ £ 



WO 98/47170 



PCT/JP98/01640 



4 1 

l x mm z ti z> m.m&*mi& t -r s n t a* » * 

f£ m ft tc n fld * 7 s> Ki^lftUHo t©J:5ft«fe? 

^^^7i,^^-^fb^^^^^(c:A 1 G a N|itT|i«i5: K 

5 r t & X % 5 o 4 13, ifti^iilC^y 77lli, 5 0^" 

y 7 7 I 8 1 CO ± « % ffiftl 8 2 ^$tltV^„ 
?5 ft I 8 2 [4 , I nGaNi^iS^Plittfif^Pi 

# F (SQW) mm&£W&m& : F#F ! (MQW) *f it <D M 
n G a NilSrSStiltS^s InGaNfSfB^GaN 

(D r ti - tz n m J? \c nm~£tcte p m^nm* k - ■? 

J& tt € 8 2 # *: ^ # F « it & St & if U: s S II i& t£ S 

ffitti 8 2 <d ± « N p M * 4to m X. li M g Sr K - 7° L 7c 
P IUbfefiftTMt^^fc pffl^ 7 7 K M 8 3 # flg fife £ ft 
tl^„ p UUJ t =7 v K m 8 3 ft % 7 7V $ - 9 A £ £ t? £ it 
¥ 3# , # ^ A 1 G a Nt^^fSrH^t IV> 0 



WO 98/47170 



PCT/JP98/01640 



42 

P m * 7 v Fl 8 3 co ± \z. , P i^Ss6l«x.tfMg5: K 
Lfc p Ilfti^ifttf btifc p IJ n y ^ h m 8 4 
^^fife§tltV^5 0 r <D p jfj 3 Is * ^ b Jf 8 4 (4 N p M G a 
NtWt5 i £ # # \z. ft £ Ll\ 

p ftlj n > ^ ^ h JB O K 13: £ iS Ul » * jg 7t t£ <7> p m H 8 5 & 
btis * <D f5 1ST ^ * ffi d \t R ft ft © > *f 4 is ? y K 
8 6 ^ilt bJlTV^o 

18 Ai;^^U9l:, p i 3 y ^ ^ M 8 4 , p ffiij * 
7 y K18 3, glti8 2*3^^^7718 114, -t *V fe 

©il^lffitsi; 5 =■ y ^ v r $ ft t & 19 % 

^ ^ Wc a *E 1 0 0 0 tI5 t tlftLt, I" r> L 

- n & ^ ffi (d 4- x. 5 Iff m ifi 'P ft < ft , J: 9 ft St tf> ffi v n 
i^^LEDi^/jMlbHSiitt^ ^@^«9 ft Jb i~ 5 „ 
* lt s r CD r ^ 9 l ^> j tt»i<z>585i^S^^^i303S«|5 

±Jd5E-<feJ:5^a{b'»¥*ffStEi 0 0 0 tnf ^Mfe 
£ K-7 p f5rtluJ; , ) 1 S tR l 0 0 0 (7? » ® £ (*: lc n M M 

m 8 7 & k it 5 r t & -e # s o 



WO 98/47170 



PCT/JP98/01640 



43 

1$&;ft,TV^51fcflg<a***-?fc5J2A*M2* @ 8 A*3J;V0 8 
Bl^tL ED*f ii®©i5g©L E D 3fS ^ Wr ffi 4: «E B& 
LT^So !9l^fLED|f CJj^t, p fill = > 
^ M8 4, p«^7y h*i8 3*3J:VStti8 5IS, ^ 

th h <d m m a* m as -r § «t 5(-^5/^^^^^t*3 | 9> r © = 

y/ttnflj^7y KI8 1 £B # & n #J * 7 

y Kl 8 1 SrlLT^So :o»Siifcn«l^7 ? K18 1 
(7? ^ S td n fid « ® 8 7 ^^(t btlt^So 

mi o « , ^^S^o^^b^J^^flsS^i o o o©±Ciit 
bixfcu-f t- K (LD) «it^^-rHBSif®ilT?fc 

£ \t m ¥ m f* s ts i ooo©ii;ii, & ^ « ¥ m # ^ ft 2 

5>nfc^s'7 7l i i n>i^$nx^5 0 r. © ^ y 7 7 Jl 

2 1 1 14 , 9 0 0 t£(±OSfitfife*$*5ifb!fe¥i^¥ 
7 7 g ( M X- . B 1 A-B 1 C|:i3lt5^S' 77l 1 2) 

ttetzs>j£tL5 0 l r> m ? * ftm-t % m& . z <d/< ? 7 7 m 

2 1 1 li, 1 o 0 tv^^ f n-Agif, £ £ tt: # * L < fit 

D-AaT©H^lL, £ VMH » fife # R 5 * 1 ft <fc H 

t§rHS*f*LV\ 31 & & ^ fflf 3g t i" 5 t , *$ £ 14 # ft _h 
7r«2i i , tftti:i:#tH, 



WO 98/47170 



PCT/JP98/01640 



4 4 

y< v y t m 2 i i © ± i; tt , £{bW¥##"?f£k*i'fc*7 

y ^ Kihl 2 1 2^^^$^-cv>5o 7 y^KJti 2 

1 2 14 , ^ y^^i^lr^tf nS©l^tl¥iff:> » * U < 
I nGaNfllitSt, i il^fil L# 5 T ^ ^ ^ ^ 1:^ 
tf £ ft ^ ^ 3* ft S f \zl ? ? v ? & AZ> <D & £ Y) %h?k$)izffi ± 
•i-ZZLttf-ZZZo ^7-7 ^ K±l 2 1 2 tt, S ^ £ L < 
}4 , In x Ga x_ x N ( 0 < x < 0 . 5) T'ffMJtlSo 
^7'7^HSihl2 1 2 tt , 1 0 0 ^" ^ ^ ^. h n — Ag±, 0. 
Sfim^TOll^^/lStSrH^H^o 1 0 0 Jr > ? 

* h n - A 4 9 ft ^ t > 7 7 -7 7SS±i L T f£ ffl L Id < < , 
o . 5 jimiHS^h *£ A i ft # Ift.SS t5l^!^fc S"o 

? 7 s> 9 m it € 2 1 2 CD ± 14 , n M £ it %0 ¥ m ft "T? fe 
ft n-ffij * 9 y Kl 2 1 3 dSf ^JIlT^S. r. CD n fid ? 7 

* k s 2 1 3i4, * * v r w z & #> m k ytm z & #> m <o m % 

t L T fls ffl -T 5 o r»ni^ 7 7 Kg 2 1 3 IJ, ^ V K 3 s 

ft li £ HI & IS Jf S-frfciSfe^fllitrotro-cfcS r # # * L 
i\ * <z> £ 5 temte + m&n. r & s: = •> ^ £^&^{t^ ¥ 

* ft , J; L< iiA 1 g a N^^tf r H^ii Lt\ r. 
cD « , ^ 1 o jf *$ J: Tf W, 2<DjfcD^Tft7)>-;>jcDjfte:^M 
^?r#< K-7"t5l^^5Ii K - -f * ft 5 C t K X "9 , 
LD*folISrffiTH5:i#T*5. 0* x. }4\ ^ <D 4 
5 * m » * m St CD n #J i7 7 v K « 2 1 3 {4 , n ® 7F jjsg i^, ^ij x. 
tt'S i &■ K — 7° L fc A 1 GaNfltryK-^OGaNl 



WO 98/47170 



PCT/JP98/01640 



4 5 

m t %&%.icmm iti^ts r t & -e # s 0 « ft ^ fl* as » » 

* 7 y ^ ^ ^£ ^ $n 14 co ^ v ^ -^r -if y 7PSC5i»i«rjlftl# 
5 „ nffl^fy KI2 1 3©g$li, £?£L<»1002j-^ 
fx M-AEIi, 2 M m JgA T n $bi-»*L<« 500^- 
^ ^ ^ h n — A£i±, l nm«T"Cfc5:tiJ s a*tV\ 

n ftij ^ 7 5/ KI2 1 3 CO _t id « , £ -ft 4£/ ^ * fa *C f£ <b H 
n ftij 3te # ' 4 Ki 2 1 4 iSi^Stir^5o r. CO n #J % if << K 
12 1 4 IS , EATft'<3Jgt£B2 1 5 i>~* h <D % <D if ^ V M t 
LTfEffiL, G a N i f: li I n G a NtlHtlS I 

Lv\ r co n W it if 4 Kl 2 l 4 , 0 * b < tt i o o v 

^ ^ h a — A & V ^ L 5 n m , §£>U:£f*L<l32 0 0 tf- >- f 
^ h n - A ~ 1 m m©S§tr^$h5 0 n fill % if J K12 

1 4 , ® fit , Si, G e*Ona^«»S: K-^LXn 
Iro^iS £ "f 5 & > ^ co J; 5 * ^ tt» S: K — 7 s L ft < "C t> 
r CO n (fU 3t # -< Fi 2 1 4 14 , m ft fflf it CO t, CO T? fe 

r# 5 o n co J: 5 ft @ ft ^ m it co n fid % if << Ki 2 1 4 , 
#J X. tt\ I 1 ©lftt*if*Wx.il'G a N^^/j:5^ 1 ©1 

G a N^b^S^2©II:Xi:^|j}it5 i tliiotf ^ 

t5:H^§5 0 ^ co m -& \z. tt % l coJi*5J:t/^2cogco 
'> * < t l)-*tnS^«!5: K-^LTU^l, * 1t K 

- / I /£ < T ^ £ 0 

* m 9! \c 33 v> t % ^ ^ K -r y/i^^-©^; /h fct % fSL 
ft # it t£ & o "C »* , ^ K^t y^i^/V^-O^t^S 
& mm t L , &^#F«itcoSttJlicfcoT«#FS^Sm 



WO 98/47170 



PCT/JP98/01640 



4 6 

n M ft # << Kl 2 1 4 05 _h id fi , & it m ¥ 2* ft t? flt fife S ft 

5Sttl2 i 5asfl0Efc£ft-cv^ o r. co *g t£ Jf 2 1 5 n y A 

1/ *J «7 J* £ £ tf * ft ft ¥ m ft ( » * b < tt I n G a N t f: li 
I nA 1 N) 

£ j&s # £ o roi^'fci^^Pfllittt, 

F (SQW) ffi m T *> o X , i Kii^t^^il 

^#F (MQW) »S-e*oT<> i^. ^m*^#F«it^ 

iiiS'PHL, GaNt I n G a N I 

> # F Jf J; t>V £ ^ It S ^ M 4£» £ R — "7° i~ 5 r 

T'ft^^Ffll^CO^&Ji^ £ ^) b rcO^^, #FJf 

i LT, I nGaNIIftiTI nAI N^ffl^KHtt 
<5 o 

14 m 2 1 5 o 1 1: ii , /^y K^t y7°x^/v^-^ii: 
WL W ir 5 p <iUJ 3fc # Kl 2 l 7 «fc 19 t ^ # < % ^offiitS 2 
15 (fi-^-^F^Jatdfev^Tti^ # F If ) <fc 5 t * # ^ P {RiJ 
* * v m 2 1 6iSifife^Htv>5„ p ftij y 7 s Jf 2 1 6 
, 0. Jbi^$L(B 5 0 0 ty^^hP 

— £A T\ -ft Sf * b < « 3 0 0 ^ r * h n-A^T©)l 
M:ifiSt5r LV^ C P fid * y 7" Jg 2 1 6 CD 9 $ 

fl* 0 . 1 y m i ») ^^^K p i^f t y 7*1 2 1 6 7 



WO 98/47170 



PCT/JP98/01640 



47 

p«*f y7'|2 l 6^*Sl(;<^I^l^i5o -©Pi 
iff 1 614, T/>S-*A&-£ir£ ft W 

|;a i GaNtf btiKt^iftL^. a i <z> 

ft J* it ^ -X t V > A 1 G a N IS i\ pi^t y^S 2 1 6 Sr $ 
it. yfi^O. 2&11CA 1 y G a 1 _ y N X p {fUJ # + V ~? 

12 i p«*t y^i 2 1 6 <?> j? $ 

(4 5 0 0 aj- ^ ^ * hn-AWTIi»fitKi:^KPtlf*l 

# * pl^f t 2 1 6 li, 1 0 tV^^ hn-AK±0 

J¥S!J:fl5Jdc-r5-tasa*Lv^ p fl9 * ir y 7° V 2 1 6 tt p 
I^Mft^ F-^LtpSt LTtiV^s, J? £ #s if v> * , 
nl^F«^^ K-^Lt*t 'J T^I«$^fc If, 5 V> 
liry K-^t Ltt S % » * L < 14 s pfl!*+^ 

12 1 ecu. pI^Mft* K-^t5, 

P ffllj * y 7" @ 2 1 6 <7> _h \Z. tt % /^y K^t y T"^^^^ 
- as p mu * -r y ^ 1 2 1 6 J; 9 /h £ lb ¥ ffc X f£ <b H 

7C p ffid % A FI2 1 7aS70J*$*T,-CV>5„ rOpffl!*^^ 

Ki 2 1 7 11, ftttg 2 1 5 fa h co it <r> a J KiHt^ffl 

L , n fl| 3t # >T K Jf 2 1 4 ^ C < G a N t f; 14 I nGaN 
T'f^t5lH5iiLl\ £ , - tf> p {ftl 3fe # K » 2 1 
7 ft s eiftjg^i pfll^7y Ki2 l 8«rJ*ft$*SHBtf>'< 
s/ ^ r Jf t L X f£ ffl L # S 0 p«l3t^^KJB2 17!4, 1 
0 A~5Mm, $b t If ^ L < 14 2 0 0 t 



WO 98/47170 



PCT/JP98/01640 



4 8 

is f h n - A~ 1 n m <D W £ K fife i~ <5 ^ £ I- «t 9 * £F * 
L * ^ >T KiHtfffflL#5. ' CD p ftij 3fc # >f KI2 1 
7 tt , il 3m , M g p 1^115: P llli 

£ *t * # , ^«ft^K-7L/i<TU^o ^ © P i 

ft; # >T K8 2 1 7 tt , lg» J F-fl|3tOt><Z>-C*>«9#So - <^ «fc 
5 * m » ^ fflf ^ tt > E^il^y K •* yT'x^A'^-Ol* 
3 fl 1 *5 <fc Tf m 2 ©a<fc«D^*(*:JiSr»e»:!»Jii - 5 - t K £ 
o-CJJ0*fti-Sr.tj5ST?#5o ^©i^iil^^li^pffll* 
# >T K ® 2 1 7 & , i X. if G a N ^ b ^ 5 1 1 © 1 ^ I n 
G a N^b^5i 2 ©I t ^^Stiit^ i t t <fco 

fife-rs r t ifi -c * 5 0 w: i ©i^ii;i2©i 

K - 7° L * < T t <t 

p « ft # >f Fl 2 1 7 <7D ± (C , S[<k%^«K*:-C^bnfc 
p fflj ^ 7 y Kl 2 1 8i5W^ht^5 0 r 60 S 2 1 8 tt , 
ni^7-; Fl 2 1 3t||, *r-tyTPfiC&£>Jf*3£t/7fe 
^ICiifcit LTffffltSo ' © p till 7t # 4 Fl 2 1 8 1*. 
T 5 - ? A £ ^ tf £ i£W *m ft s J: 9 # £ L < 13 A 1 Ga 
NSr^tfw fc *s S * L < , £ IS & iMg i: Ltf^tS: 

mttzm i *3 £ as 2 ©2ft»*iftiti«ft»it5 n t 

CioTf^tsr H^ttSo r IS l co Jg & «fc 0 s 

91 2 coJfco^Ttt/^ — ^coJi{^?F^^^r#< K — ^t5i/^ 
^ 5 ^ M K — 7" Sr ft 5 - ^ <t "9 , LD*^-coi«lii£ffiT£ 



WO 98/47170 



PCT/JP98/01640 



4 9 

-5 - t -C # 6 o 09 £ « , t©i 5 K12 1 

8 % pI^MftfmiMgS: K — 7° U A 1 G a N frh 
Z> M l co Mm t T 1/ K — -f <D G a Ni>5)45l 2 ©il t S: 
S£H«|Ltr^t5:H^^5„ p W 9 7 s> K Jf 2 1 
8 tt % 10 0^^^'*hn-A^_k N 2|im«T, £ 5- 

& *5 , n {RiJ ? y y Kl 2 1 3 ^i^T-iilttS^ "9 & ^ 
P m ? 7 v Kl 2 l 8 SrSt&^iJIt t5 B 5 ± k as ^ 

tz x o \z. p fid s o © fit a* ft 4> -r 5 fa ft *> s <z> t , l d * ^ 

O IW # ft ffi BE V f £ {Jg; T £ ^ 3 ± "C £ L ^ 0 

m L T , ig tt JS 2 1 5 i ^) t)^y K^rt -^^^/^-^^ 
t^, ff * 0 . 1 /imKT^T^^-^^^tfUkl^l 
& & & "t Z * -Y v 7 M 2 1 6 £ It , ^ffl^rt^l8 6 
J: 19 fcffitt!8 5 a> ft *l {fc S , ^t^/12 1 6 i!) 
t ^ V K + y -f 3i * A' - J&S /Jn $ 2 it m ¥ ^ ffr «T & ^ *f 
5p«*^/ KS2 l 7 & » »* , ^:©pfll)t^^ K|2 1 7 
J: D ^Sttl 2 l 5 tb ft fi ft. GL K J- x P tt'J * # ^ Fi 2 l 
7 «fc 0 v K * -y^^^^V^T/V^^^A^-^O^fb^l 

^^f$^Stt5iH^ii© P i^77 Ki 2 i 8£is:tt 

5:tlJ^tl^tL^. rcDm-^s pi^ft^l2 1 6 



WO 98/47170 



PCT/JP98/01640 



50 

^C^S, M ¥ i& Jl 2 1 5«r^- — — * 
}z: J: 19 L D i f © y - ^ i I ^ /> /jj < 45 0 

L D * ft m s £ * #J s nffl^7y K12 1 3, n 

fflS ft # ^ K12 1 4 , g|t|2 1 5 % p filJ ft # W F12 1 7 
*3 X XI p ffiJj * 7 s> Ki 2 1 8 H J: »)ffi^§ti5o 

P « U % & 9 ft ft % it ft , p M 7 7 7 K i 2 1 

8 _h in > P IlfLi^i^tMtbiafcp y ^ h Jf 2 

1 9 iS?glS§HTV^, r^pftijn^^^ M2 1 9 tt , p 
I^«*Sr K-^Ufc I n a Ai b Ga i_ a -b N < 0 = x * 
O^y, x + y^l) , ^(1 p I^ifttilM g £ K — 7° L 
/c G a N-e»fifct5:tiSjf*l^. P fflfl =» ^ * * M2 1 

9 fi s 5 0 0^-V^7hn-AJ^Ts £ *b l£ L < 4 0 
OtV/^ fn-A^T, 2 0 ty^T, 

2 1 9 i pl^7 7 K|2 1 8©-{JJili, * h 7 4 7° t*C K 
^ j/f y 7*Jtit, y 5/ £ 7& fife L X V> 5 o r co y y v> H ffi 
CD £ ffi ^ , pflti 2 2 0 ^»|JSilT^5, p ft'J a ffi 2 
2 0 ft, Iff L < liN i , P t % Pd, Co N N i / A u (m 
g * & ) , P t / A u (il*fctt^4) , £ 7h P 
d / A u ( « Jf * fc. tt £ & ) tlltSL p fifl = >- * * H 
Jf 2 1 9fc©J;»)-Iff4H>t-5y^ = v^^ h £ iS 

plii 2 2 0 (75 IK jg £ ftfc < p ft! * 7 y Kl 2 1 8 N p fifl 

=1^^^ FS2i 9 m m m m \z » , » * t < »* s io 2 * 



WO 98/47170 



PCT/JP98/01640 



51 

ftitZ r O 2 i "5 ^5lfeil2 2 1 B & £ *i , - <?> Ift 1* ^ 
2 2 1 & ^ L T p * m 2 2 0 ttMWlilSItfcpffl^^ K 

Hi:, £ ft: * ¥ 3* f£ s & i o o o id ± id as «fc 5 id n 

0 ©IffiCli, <£> 15 l£ ± ® Id s n«ltfi2 2 3 iS»|J$Jl 
t^5. niti 2 2 3 (i, A 1 „ T i , W, Cu, Zn, 

5 n , lnm(D&m,Ztib(Dmmfct>L<\**:tib<D££: 
tiOI^tS^ n M S g t£ 1 0 0 0 <7) 
US) t©J; l 9-Ilif*LV>t-^?'^="y^^ bSrl^t 
•5 r. t # -e £ 5 0 nlti 2 2 3 ©ill, t - h W ^ ( 0 

L< ttAu/S n©2lii©^iii (@^tf ) *S (ft 

^ tit ^ 5 o 

fc 5 o 121 l l id ^ "T L D m -f- Id jo v> T tt , Ur^^op* 
^ 7 y Ki 2 1 8 ( pUJfc^'f KI2 1 7, *t'^l2 1 

6 , ffiftl 2 1 5 > n«*^^ Ki 2 1 4 , n M ? *7 V K M 
2 1 3iiJ:U!^7^iSJt|2 1 2 ^^ofilBlriffit 5 i 

/< ? 7 7 I 2 l i ©Itirtlitl!) , ± I B *r # ti it <£> Pi M 

C^^77i2 1 1 CDtS^lffi $tt^5o ;y T P 2 
1 1 W ® & £ 7i nfi] * ® Id n {RiJ S |1 2 2 3 a *J «fc 2 2 3 b 



WO 98/47170 



PCT/JP98/01640 



52 

m £ tl X V> 3 /<y77|2 1 111, n i ^ 

HI 2 2 1 14 , »fflSllfcpfl|^7y Fi 2 1 8 , p ft"J * # ^ 
Fl 2 1 7 , *t y^i 2 1 6 , SttI 2 1 5 , nWytX* 
Fl 2 1 4, n §J ^ 7 ^ Fl 2 1 3 ^3 J:V^ 7 ^ ^BSitl 2 

i 2o^nfn©fli^ti^t^5, * *5 , 111 OOO 

UnfFai?: F - 7° L fc i ^ , ± 12 = v ^ > ^ K X K> , 
'< V 7 7 m 2 1 Util^lHs'f y^LtlSl 0 0 0(7) 

223 aiJj;tF 2 2 3 bit -tOftWSftfcSlgl 0 0 0 <7> 
^ m iZ. M fife -T 5 r. tjS -c # 5 „ * 7c % n 1RIJ ft H fcfc , ± IS ff 

Ull 2-II^tLDlf tt, IfetJI 2 2 1 tfS p ftlj 7 3, K 2 1 
8 ® ffi ® _h {31 , p fflj = * ? h M 2 1 9<DTSffi£^t£i1-5 
«t5^ff<^fiKStl"C*3«9 % P llii 2 2 0 *Spfl!|=^^^ 
h Jf 2 1 9 tftftL, ^o;olil|2 2 1 _t £ < ?f£ $ 
tiT^5ISf, 5/ K IS 2 2 2 * flK It T v ^ KX ft > m 

I§Il 2 £7) L D 5{| =f- -C , n fiUJ ft & * h 7 >f ^ 2 2 3 ti 1 o f£ 
ft £ * 3 fc & f£ „ MOVPE, HVPE, MB Ift 



WO 98/47170 



PCT/JP98/01640 



53 

MOCVDjfe-C&U, ^ <D ft m ft . SIS iA S: # tl VMC ft $ t 

«fc v m^mitm^mfcm zte&'ir j& ft d tt is w 

¥ * fls <d ft * ft o r. i: a* # * L 0 * N & it m ¥ * 

- y -r 5 w # T? # 2> o 

T , H tti 0>J cfc *) * |g W £ ift -T 5 0 £X T <D H m M & 
V^T, MOVPEIi, l/^f hfc, 5 0&V>L4 0 0 Torr O 
15 H w fl* Ji T V ft o fc, 0 

mmm i 

**i^'eii, mi a ~ on i ciJ#i$H5 0 

ft5li2^yf©t77^7lfil 1 ± * h 7 -f 7/ *K 

^° <S 1 0 u m , * h 7 4 Zffftffi (M<Dm) 6 m m © # & <D S 
iO 2 ^f7^^J;^)^2,iK^ft^^^l3^^:tifn 

0. 1 /imW(?§|Ii)JLfc„ *7 b7>f / ^^^liORF 

ffi *r l t s a: t£ ft i*o {c n vmc ff ;c jg v 5 «t 5 m l fc. 0 

mtR&A^ * t 1 3 ^r^Lfct77-f Tltl 1 £ M O 
VP EgiS*»rtl:t y tfi S £ 5 l OtCSJSLt, 



WO 98/47170 



PCT/JP98/01640 



54 

i:TMG^fflv\ ili^^S-vx^i lSri^LfcSii 1 
illGaNJ:0/^fiiB^i/77l ( 0 * -fr T ) £^200 
^- > ^ ^ h n — A(7>ff$tifijcfi$*^io :©lfiia^y7 7i 

fs , ss i 4 co * ff£ fife $ 0 

1 0 5 0^C£-C±#£-frfc o 1 0 5 0 °C T > Ift^^HT 
TMGfc* J;rj(7y*-7Srfflv\ F - ^ ^ h * t IT ^7 
^ # * & ffl l^, Si^rixio m 3 X* K'7"Lf:G 

a N^b*5ifti¥i*^a H HSi 1 6 £ 1 0 0 /i m <D W- £ 

fc: j* ft £ * „ 
tilt Lfc 0 

itttfli i 

Jt & co tz. £> % H lffi fij l © if 7 r 4 T £ ± m > 31 W fife ft 
* ^ 1 3Sr«($t5:t4<|g, GaN^';77l*20 
0 Or \s V * hn-A©iSC^illLt)Sfi$t, * CO -b 
S i £ 1 X 1 0 18/cm 3 t K-7* Lt G a NS: 1 0 0 )i 
m<Dff$i'|^l#^LTfifeft$-fr/c 0 

XibtlfcG a Nfei It tt 0*J 1 tlbtlfcG 

a n & a co m ffi » m ft v <d & ^ ^ pi ( & n ^ Pfe ) co m % w- 
m t e m m $ «t r> mmvtz t r 5 , ^ % #j 1 ©g a nm b b b 

tt , it m M 1 co t co £ tk t , ft^ 1 / 1 OKT 



WO 98/47170 



PCT/JP98/01640 



55 

m m m 2 

* % m T (± , 06A~06CdS#i$tl5, 

H life 09 1 -C » <b fc G a N «g M, 1 6 (7) $ ffi ^ J6 ^ 1 £ 

m <7> # #C <7) S i 3 N 4 ^ F7^^^j:5i2©I^^ft^ 

1 1 3 % Z tl ^ tl 0 . 1 jumtf>J¥£t£fl0fRLfc o 
ii 4R l& ft -7 * * 1 1 3 ©fitii, I 1 ©I^^ftv^^ 1 3 

1 3 <£> F7^7°^il©l^^ft-77^©^1 4 Hi *t fS 

OVPESf^^^tSL, W U * t LTTMG J) itfTy 
^ ^ T , K-^y ^7HT->7y*^^ffl^\ s 

i £ 1 X 1 0 1 8 / c m 3 TJ K-^LfcG a Nfeill 1 6 £r 

1 5 0 /i m©f§ Cfi!cS$tfc. 

G a N & d 1 1 6£j&ft£*fc^-^£SJ£^fs^b& 

OWL, H m M 1 PI * L T , ^©SrilffiflFlgL, {£ ffi 
SJfcfcO^*&^^R& ( «H, X m ) ©i^?ffiTEMl^l:J: 

0 tE L fc o *itfiJ©G a N^b b b 1 1 6 (O >K 1% © & fct , it 
ft« 1 ©G a NglW^tl© 1 / 1 0 0 £HTtfccfc 0 

H ttl 0»J 3 

* 2l fife #J T f2 , @lA-01C*5±t;i6A-a6C^# 



WO 98/47170 



PCT/JP98/01640 



5 6 

?s ^ ->< 7 r « & 2 o o is y x b D-A©g$t^ft ^t, 

^ © i T V K — 7° G a NB&5 ^mOff$('^fi$*T2 

m mm cot mm i 2 & $ l „ r 5 l t # £ n w- 1 0 <d 

Til 1 2»?ffi±l:, nMMltmm<D^mfcJ:<Q s # ^ 

F7^f7"tSl O (im, ^ h7-f 7*^18 innW^f ©S i O 
2 7 h7^7J:^£5il©HRfifeSv7 7 13^0. In 

^ T A ffi II 1 E ^ ^] t S IMI ¥ fT l: 1 1/ 5 t> © t o fc o 

^ 1 ©IfXplIv7^ 1 3 4ig)SLt!?s-^4MOVP 
ERfSSgSSK^L,- 1 0 5 0 °C id T , mM # * t L X T M G 

*j i^ry^^TSrffl^, ry K-7*GaNgsi 6^1 0 
ttj t , g a n£a i 6 <D$tm & 7 v > y VX MlR t Lfco 

CICOG a N |q b b b 1 6 CO $ ffi {d % H % 0»J 1 £ IW1 fi <D # & \Z. «fc 9 . 

# ^ h 7 4 7°%% 1 2 /zm, * N 7 >f 7* IK Iff 6 fi m (7) # ft CO S 
i 3 N 4 J:U45»2©liR|*fiT7^ 1 1 34:0. 1 /x 
m©)? $ tff^ Lfc„ m 2 CO ^ h747°-^*?co^:n^:tite, 

m i cd m *r j& s * ^ id ^ it 5 & i 4 ^ m j£ -r 5 m ^ j& 

M2<7)il^^ft^^^ 1 l 3 £ 7g L ? ^ - ^ £: S tJ* M 

* =. T Sr ffl V n , 7 y K — 7° <D G a N|£S 1 1 6 & 1 5 0 jtx m 



WO 98/47170 



PCT/JP98/01640 



57 

6 ©g|Xi©ttt, M 1& m 2 CD G a NlSfiO^tli K iS'^ 
f t o fc o 
H % 0»J 4 

Hife 0iJ 1 I- *3 T > ^ » £ tg 1 1 t L T * A ffi £ £ ffi t t 
TIL, RI^i^t?.ORFI^tt5t77^TSi^ 

77 fa I- M t>* 5 £ 5 ^ fife L fc W 0* . H ttt #J 1 ^ Ri^^'S 
efc 9 , S i K-7"GaNlSll 6^1 OOnmOf^'^ 
ft $ 7t „ :©GaNgH B Hl 6 0g B Ui^)tli> H $6 $ IJ 1 
CO G a N & h b b CD -t *L (5 PJ 4$ T fe o 7fc „ 
^ife^J 5 

* m ®\ -e tt , in i a ~ in i c ^ # i $ n 5 o 

* -f , (211)®^r±®tL-CWL, ( 1 1 0 ) a & m 
^t5 0RFffi?:tt5lg Wyf »^t:°^/Hfil 1 *r 
ffllLfco r^xt^yUSi l o 3E B5 fc: , * 16 W l fcPIi 
li Lt, #f © s i0 2 ^h7^^J:0ft5lSlCllR)*fi 
-v^^i3^, ORFSii:SfLtit4*l6ltS^5 i5l: 

\x m T* o fc „ 

H V P E ££ B , ^3&®!<Z>SJS^S£<Z>l*l8M^ Ga^^/l- 
«riR«i"S^^# - F^tlLfco *J £ # - h fe Hi ft & 
« lc x IglcDiiiRj&ft-^*^ 1 3 £ J£ & L 7c * t° * ^ £ tii l 
l S:fflftS*"CRlUfco S/£^t§l*]C9G a ^ ^ A' ^ SS i£ b 
fc. iSL ft ^ o ^ ^ # * 4fc » jJS ft h ft s ^ n ^ y 7^ ft 

& W t tt 33« I- , S 1 1 I'tS Lfctlt lit *Mf l^f 7)* 



WO 98/47170 



PCT/JP98/01640 



58 

/snyyif^t^f i 9 ^ * * V T # x k k i> ^ s HC 

1 ^^^lALfc, ro^, Ga^/KD*'-Mi 9 0 0 t 

i; J]D i L , ^tf^/vSilil 0 5 OtCMlTfcSo ■£ t 

T t HC I ^/^iGa^^tSfgt&HTGaC 1 3 £ £ 
j& $ -tir , 7t^;H«l l i i5 L fc 1 i H § Ifl f ^ b li 7 

=.7 # * & &m* * v r # * t t i> 0* & l > $ e> , 

tillH, ^5115 0 it ra/B^t?3l$rMS?rtTV\ S i 
& 1 X 1 0 18/cm 3 tF-7*LfcGaNg|l 8 S: 1 5 

H V P E i lb ^ 'J V A & & l 6&fifc£$iirfc?:* — 

§ £ El 9 ffi L , G a N fa a B B 1 6 <D * B £ 7 y t° V ^ L 

t"#f:GaN^ a B B l 6 CO X |5fe <D $ « , ^lil©GaNi H B a 
* % 0*1 6 

^Il^-Cli, @ 8 A*3 iVH 8 Bis#isns, 

* i* , ^1^ 1 tllbHtS i K-yGaNfeiS:lt5 
|)i-a§;MOVP Elf (OgeSirtllt y M, 105 
0 °C "C S i F-/G a N^ICiCS i^rixio 1 8 / c 
m 3 X'K-7 , lf;GaNj;*)/i5lfi^y7 7l8 l&l 

OV^T\ SI/<-;77l8 |?§ 2 O ty^^ 1« 

a — Ac^m — I^^Fii© I n 0 , 4 Ga 0 .6 N i ID 4 5 



WO 98/47170 



PCT/JP98/01640 



59 

?&t£Ji8 2 x J£$0. 3 jUmCOMg K — "7° A 1 0 . 2 Ga 0.8 
Ni945p«^7S' KI8 3, £ 0 . 5/zmOMgK- 

HI id & ft $ * o 

l ^ 5 i , ^x-^^g^gig^^itmL, ^ n # is m ^ 
t?6 o o °c t r =■ - y ^ ^ % m l x , p ? v k ® 8 3 , 

* <0 « * p fi'J =» ^ * i7 h € 8 4 7> b MI K 3. 5/ ^ ^ ^ £ , 
S i F -7 G a NfaghZUfttfJlZ-mm &"±tc 0 ^©xyf-y 
^ gfl # , f^ro^^7-f^B#^ r^]l9L5j £ J§ t£ 1~ 5 <> 

31 5/ ^ ^ ^ x p « = ^ * ^ M 8 4 ©ii©!5S'^BI- 
N i /Au<Z5 2Jlfl*ig<Z>S3tete0>pffil*ffi8 5 £ 2 0 0 ^ > 

yfV f ^ ffl <0 y< v K1S 8 6 £ 0 . 5 n m©f $ (ui^t 
■5 o 

^ y K1I8 6 £ 1$ m, L 'ik , S £ ^ - ^ ^ 1h V r J T 

m t£ i is ii^y7 7i i 2 *3 j: d« f§ i <d m ft ^ * * 

1 3 ( H 1 C & # H8 ) &WlBt::J;!>fifc*L, S i K-^Ga 

n is di i 6 <z> a bs & s w $ ^ , * (d mm (O & & ±M lz y nl 

H ® 8 7 & 0 . 5 /i m©l|J|:i^Lfc„ 

•t <£> & s nfltffiflad»e>±IBS0*3 L5l;fpot^^7'f^L, 
S i K — yGaNill 6(DMI ( ( 1100) ffi ) £ % ©M 
ffi {31 S * ffi t T* ft L % 3 0 0 timft<DLED^y7°%'& 
5 0 :©LEDI12 OmAtfe^t, 5 2 0 nm<Z>li:fe3§7£ 



WO 98/47170 



PCT/JP98/01640 



6 0 

it m l x s tutu* 2 m&±.xfo <o , w mm m h 2 {% & ±. x & 

19 , # ^ ffi H yc # t£ £ ^ L 7c 0 
£ tti 7 

* 15 Hi W "P 14 , Hi 0 as # £ *i S o 

H #J 2 *L fc S i K - •? G a N 1 1 6 & fi£ ft § * 

L > 1 0 5 0 °C , S i K — 7° G a N 1 1 S i & 

1X10 1 8 / c m 3 t K-^LfcG a N ± D /£5li£^5' 
^ T Jf 2 1 1 £ 1 /zm<7)J?$K:fig££ii:fc 0 

O^T\ Sj ffl. >■< y 7 7 JB 2 1 1 <D _t id , S i % 5 X 1 0 18 
/cm 3 fK-7*LfcI n 0>1 G a g .-9 N «fc 19 & 3 ? 7 s> 
^ BS it Jg 2 1 2*500^-^^^ hn - 

/"Co 

^ 7y ^Kitl 2 1 2<Z)±(d, S i £: 5 X 1 0 18/ cm 3 
t K - ■/ L fc n I A 1 o.2 Ga 0-8 N i 9 4 5 H S 2 O t 
y^'^ T V K — a N J; 9 4 

2 0 * ^ 9 ' * Fn-AWi20|^$5|:i 0 OjflfUL 
T It J¥ 0 . 4 /tm©igft : fii©nil^7S' Ki 2 1 3 & M 
fife L fc„ 

^ T . n i ^ 7 7 K I 2 1 3 CO ± , S i £ 5 X 1 0 18 
/cm 3 T K — -f L n M G a N «fc t) & 5 n fiUJ ft 13 4 K H 
2 14^0. 1 (i m©f$ (Cfigg §*fc 0 

s TV Y — ~f <D I n 0>2 Ga 0>8 ^£Y)t£%W&2 
5ty^x fn-i,o#Fi^ 7 y K - 7* I n 0 .0l Ga 
0.95 NJ; «9 & 5 £ 5 0 V ^ * hn— ^(75[5f|iji^^5: 



WO 98/47170 



PCT/JP98/01640 



61 

\zmm Ltsf i 7 5 a- ^ ? ' * (m 
q w ) m m <d m -t* m 2 1 si^isifc, 

ifc ^ , P fid % # A K12 1 7 J: 0 ^ # < % ^o^ttS 2 
1 5 <£ "9 fc^lvw^y K^rf y^x^yi/^-^rf f5 ^5 
O, Mg XI 0 20/ cm 3 Tji?-7*LfcplA 1 0.3 

Ga 0>9 NJ;^^5p#i^ J r^^ J S2 16^3 00^-^y 

p * y "7° Jl 2 1 6 CD _h id N K^rt y7*i^;^- 

/j5 p I=sf t 7 ^1 2 l 6 J: ^) /J^ v> 5 © , M g £ l x l 
0 20/ c m 3 T*K-^LfcplGaNJ;!)^5pffl5t^^ 
Kl 2 1 7^0. 1 /jm»ff$i:^SJtfc. 

O V s ~C % p % iJ A Ki 2 1 7 <D _L iCl , M g Sr 1 X 1 0 2 0 
/cm3 t K - 7" I fc p I A 1 o.2 Ga 0.8 N ± U * 5 H 
£ 2 0 * *s f X hn— A^l^H^.Mg^l X 1 0 20/c 
m 3 -eK-^LfcplGaNiD^Sf^Oiy^^F 

JS <© p ftij * 7 y K m 2 1 8 & j£ b fc o 

* ft I- x M g £ 2 X 1 0 20/cm 3 f K-^LfcplG 

aNi^^pffla^^ M 2 1 9 % 1 5 
— J* (7) J? £ }C1 ft £ * 0 

it©lfti¥i^i^^fi$tfcf > R IS £ * *5 ^ 
/ftitfttr, p m m * £ h \z. i& & et lb $ * o r =. - y 

^ V s ^^-^^K!tm^^h^.K>Hi^. R I E igl g £ ^ 
^T, * -h Jf tf> p 4U = ^ * ? h )S 2 1 9 h p til * 7 v KI 



WO 98/47170 



PCT/JP98/01640 



62 

2 1 8 y^'LT, 4 m mOi^rf t 5 ^ h 7-f 7° 

^ y r^^lritU 'J 'r^lffi©^ffiCN i / A u <D 2 m ffi 
m <D P fill 3 « 2 2 0 Sr ^ fifc L fc 0 ^ , pil« 2 2 0 £ |$ 
< p ? 7 S> K|2 1 8 , n ^ ^ ^ h g 2 1 9 <£> flg ttS f "J ffi J- 
S i 0 2 «t 9 * 5 *6 ** ^ 2 2 lii^l'^ '©^i«i2 2 1 
^Ltpiti 2 2 0 fcttfttW^ftlRLfcpfll^y K * « 
2 2 2 £r $c L /c 0 

p fll 5, Kli 2 2 2 ^ififeLfci, ^i-A©t77-f 
TSffil 1 , y 7 T m 1 2 s | 1 Wl^filfi^^^ 1 3 , 
8Sl<75GaNS£i&l 6 *5 2 ©IWfifeS^^^ 1 1 3 t . 

ig2<7)GaN|£ B B B 116^-j^£WEg^J: 1 9l&*L. % 2 © 

GaN&j B B Btf>g®£»tt5£^ * <^ * E £ ® , T i / A 1 
O 2 Iff it© nfflJSffi 2 2 3 £ 0 . 5 /j m©H$(:i*t» 
^©ilct - h i/y^ k<D*#74-£ — *S a ^fflf Au/S 

^ <Z> f£ , n flil * ffi 2 2 3 ^ h * ? 7 4 7* L > if 2 <£> G a N 
^Sl 1 6 <D M ffi ( 1100) ffi ; E|3<0;*flft<Z>fl!lffifcffiST 
5 ffi ) -C^2<7)GaN^^l 1 6 ^ ^ - t 1- f Fl t , * *I ffi 

SLto - <o * is ffi m s io 2 t t i o 2 t (vmrnfo 

# € m £ J& J$ b , ft^t pilll2 2 OOaE^E^lfiJfcSPtT* 

ht/y^l:iIL, p M y K1S 2 2 2*7 4^ — 7 s 
-< y^LTfco # 5> *t fc L D * =f- CSi p p d £r g S. -C - if IS 91 £ 

* t r 5 , iiai^fcv^t , h fit « % * ft 2 • o k a / c m 



WO 98/47170 



PCT/JP98/01640 



63 

2 ft XXJfflmMfc 4 . OV-C, m M ^ * 4 0 5 nm©igfc3g 
« i& s «fe SB & *L , 1 0 0 0 B#F^^JiO|gJg##^r^LfCo 

H % 04 8 

* H M V tt , B9^#i§n5o 

6 co^fe^^^cD^sidj: o s m m m 2 -c n % n 

7yF-/GaNg| s i 1 6 <£> _b i£ , S i £ 1 X 1 0 18 /c 
m 3 t?K — ^tfcG a NJ: Jifl^y 77I8 l ^ JP 

$20ty^'^^-^roin 0.4 Ga 0 . 6 N i 9 4 5 I 
-t^#Fiig©Stti 8 2 t . J¥$0. 3/zmWMgK- 
1 0>2 Ga 0.8 Ni945p«^7?Kl83, ff £ 
0. 5 (im©Mg K-T'GaN.fc^iSpi^y^^ 

4 §*fc 0 * I- * 2£ tti W 6 t m m \z. L X p fiJ = v 

9 v v m 8 4 <£> ia is ^ ffi \z. m % p fflo ft n 8 5 & ^ & l , * 

w ± > v K ft S 8 6 £ ^ j$ U 7c o SfJEro^sff 

S5a^y7 7l8 l±idnffl!|ftfii8 7 £r ^ fifc L fc „ 

*lli«©L EDX^f iS||ftW6(DL ED#^ fcS/iS^ 
i± * *IlW©LEDi^fl^ N H % 0S 1 <D G a N & B a H 1 
6 J: !) t!S H B Btti:«tl/'^2(DG a NlSi 1 1 6 <£> ± K ^ f& 

^ tit^^ - i: , s h \z. m m n l x isj - m m P w m & 8 

5 i: n ffid ft & 8 7 H^lHJxt^S : t tfe§„ r <7> J; 9 
iZT y K — 7°© G a NiiltOit nl^lfii^ K-7'L 

(*Jia^j'7rl8 1 ) & a JS L * it £ 

It 5 » £• , nM^^^^r K-^Ufc^^^^^f*IS^n«11 

6 t» 5 # # , V f iSfi< , i*i$OilV^L EDif ^# 



WO 98/47170 



PCT/JP98/01640 



64 

?)ii^tv^ffiKotfc5„ mmm 8 <n l e d m , % 
m m 6 <d l e d m =f \z. it & t -c . w ^ « ^ i . 5 ^ , 

J± ft 1 . 5 fflP tC ft ± L 7t o 

mmm 9 

* n is m t? « > m 1 a ~ 0 1 c jo i 1/ m 9 & # % $ ti % „ 
%mm 3 t mm\^s c 9 £ he a t u x *r l , a as & * i& -r 

50RFi^Wt5t77^7iSl liCGa Ni945 
fifi/<y7 7l?: 2 0 0 3*"^^^ h o — A £> J¥ $ K - *5 «t 
T V K — 7° G a N Jl £ 4 /x m O J| S Kl^* $ *T 2 Jf f# it O 
Til 1 2 £ 7£ L <, CVDgt^ffl^t, T V K Zf G 
a N I © i I: , #X F 7^ 7*11 2 0 ^ m, .X h 5> ^ :7° Pel PI" 5 
^mt||©S iO 2 ^ b 7>f 9 1 OUR^cft 

? « , - *r n n > oRFBi^Lxiji^ifiits^icffft 

© t fc o fc „ 

~ (73 ^7 ^ — /^MOVPEig^id^i^L, S i £ 1 X 1 0 

m^l^ft, « 8 i: [5] ti id L T , S i K — ~? G a N #t 
si. <Z> ± (d, S i £ 1 X 1 0 18/cm 3 tF-7'UGaN 
J: D Ji5itfi/<sy 7 7l, J? $ 2 0^-^^^ hn-A©|- 
1^ ffFfSig© I n o.4 Ga 0>6 N '14 Jf , $ 0 . 3 » 
m <7> M g K — 7"A 1 o.2 Ga 0.8 N i 9 4 5 p W ^ 7 K 
Jl , J5 £ 0 . 5^m©Mg K-7*Ga N i 545 pfll=^^ 



WO 98/47170 



PCT/JP98/01640 



65 

■7 f ^ ^" ^ IT ^ ^ M^SS © ^ t V N S i K-ZGaNgl© 

H ft <£> _b in , ^yf^^fflc^y KSS«:^)lltfc. - 
X 0 \z. , rOLEDf^lliS^ttt, n flUJ « ® t P fflfl S ffi t 

mm <d m - m m i-aa <b ^ 5 0 ami', y-yr^T 
mm&mz 5 0 nmgKi4s*tifii-ci< u ft . 

liilt^^ 7^/U 3 5 0 (im^LEDl^^^feo 

l tz , if ^ m m m q k. Jt & l t 1 0 

ilfPli 0 

* n m m -era: , m 1 a ~ ei 1 c , a 2 & «t xi m 9 a* # hb £ 

Cffi^ b©t77 y^'/V^ 6=0. 13° , ^fi'T'Si 
*5 «t ^ 1 5 tV^7 Fn - A , ?7^fiW*5j:* 5 6 

id % GaNi945lSI^S'77lS: 2 0 0 tf* 1^ ^ * h n - 
Ac75]¥£Jdl5£g£-fr3t<ti>iC N ^©il:ry K-T'Ga N 
Jt £ 4 m mOffS^^fi$*T 2ii«^<7)Tifeii 1 2 £ ^ 

Lfc&* C VDgf Srfflv>T, :©Ty F-/GaN|©± 
F7-f7°|2 5 //m, 7- F7-f7°f B 1|5 /i m©#t© 

S iO 2 ^f7^7*£^i5il«I^filft^^^ 1 3 £ 



WO 98/47170 



PCT/JP98/01640 



66 

0. 1 n mcom^ \^Mf^Ltz 0 ^1 * 
H?^, A SH" #t L T S i£ ^ fa E V M£ sp ?f 5<i: M & ^ co "C 

r©-)i-^^MOVP Eill^IL, S i % 1 x 1 0 
19/cm 3 tK-7"LfcG aNtSISr 1 0 j/mOfSl:)* 
ft $ -fr o 

■0^"C, S i F-^GaN^|©il:, S i % 1 X 1 0 18 
/cm 3 t K-^ IfcG a N i 9 /£ 5 5/ 7 r S > f $ 

2 0^-^^"'^ h^-AW^ — fi^-^FMIfit^ I n o.4 G a 
0 . 6 N*£t£Jg.J¥c5O. 3/xmcZ>MgF — 7"A 1 0.2 Ga 
0.8 N± 9 *5 pli' 7 f KI, SSO. 5MmOMgK — 
^ G a N i 0 /i 5 pftij^^^^ h Jl £ MI ft £ /c 0 

^HK^Ii, H J& #>J 9 ^i«iI^ftoT 3 5 0 /zm^ 
CLEDlflUfc, :(OLED|fft, 9 <D L E D 

*f ttt^Lt, ft ^1 -C 33 £ =t 5 % [6] ± L , * ^ S f£ <£> # © 

mwm i i 

H S£ #1 9 d * C T N S i £ 1 x l 0 1 9/ c m 3 "C K 
-^LfcG a NfeS* 1 0 /jm©f ^ <^ 

5 ^ moztfb^^i^ h 7 j b % & fis 2 <z> m VI f£ Ik 

* ? % 0 . 1 /i ra(Df ^ CI^Lfc. ^2(7)jl*R^ft^^^ 
^HLf:^-/^St/MOVPEg|l:liU S i £r 
1 X 1 0 1 9/ c m 3 tK-^Lf;i2©GaN^lal 1 6 



WO 98/47170 



PCT/JP98/01640 



67 

£ 1 5 ft mOff* t*ftS*fc, 

31 # m mmm 9 t mmiz vx , m 2 <t> s 1 k - ^ g a 

N 1 1 6 O _h K . S i £ 1 XI 0 18 / c m 3 t F-7° 

L G a N <t "9 4 5*a^f7 7S, J¥ S 2 0 * ^ ? * h * 
-i.©|-|f#f fflf.it CO I n o.4 Ga 0>6 NjSttI, W- 
£ 0 . 3 fi m©Mg K - TT" A 1 0 . 2 Ga 0.8 N £ 19 * 5 p 
flj^ 7 y Ki, ff § 0 . 5jum<DMgF — / G a Ni 5 45 
piJ=y^^ MSrllt^ft ^tfco L ^5 % , 55 % m 9 <b 
[H^W^aSrtToT, 3 5 0 nmftCLEDif - 
©LEDlf 14, || jjfe #J 8 <75 L E D * ^ t i^i? 1^ « <^ 4# £ 

jfk L , ^) ii, Htt«8 littlSLT l o ofit 

EA, ± "C *> o o 
H^tf'J 1 2 

* % M M X fcfc , W fc. HI 8 A *S «fc H! 8 B^#l|$Jx5 0 
C S £ ± m t L T *f L , Ai^t^t50RFffi^tt5 

L , 5 0 0 tCtt77^7lSl l©il:GaNi»)45 
ffifi^ s/ 7 7 I ^ 2 0 

fcf , 0 5 Otl:^£U GaN<fc0:fe5GaNjg 

^ a>fcJR0fcBL, Till 2 co TI ffi 

T> #*h7>f7 P *l2 0/zm % X b =7 -T 7" ffl H ( & © 46 ) 5 
M m©#SWS iO 2 ^ H7>f T'J: 9 45aRl**^^^ 
1 3^^tl€jl0. 1 umOffSllilSLfc, #^^7^7" 



WO 98/47170 



PCT/JP98/01640 



6 8 

V P ESJS^Srtlit y M, 1 0 5 0 °CT\ S i Sr 1 x 1 

0 18/cm 3 tF-7"LfcGaN^|l 6^1 0 0m® 

J? $ in fi£ ft $ * o 

5 i K-7"GaN^|l 6^ISHfc7i-^?:MOV 

B^7-7t'y/LtlBHf:o C <D S i K - 7° G a N & A 

1 6 #3 T , g|l£>ji#lfi£ft-^^^ 1 3{C*j-J^i-?)^ffifI 

Jg6<^i|^^i^Pfe©ISCttl 0 6 / cm 2 ^ T fc o „ 

6 id x S i K-/GaNg|l 6 & ft $ -fr fc 17 - £ 
SUMOVPESSI^I'IL, S i K ' T7° G a N^bhb 1 6 
±}£S-i£rlX10 1 8 / c m 3 tF-^LfcGaNJ:!)* 
-5 y 7 T S ( n flUJ ^ "7 y K m ) 8 1 -& 1 M m O W £ I- fife ft 

ft ^ X , n m 9 7 v K M 8 1 _k J? $ 2 0 tf" ^ ^ ' * h n 
-A(D|-If#Fii«Ty K-^I n o.4 Ga 0.6 N 
ffitti 8 2 , If ^ 0 . 3Aim<Z>Mg£lX10 20 /cm 3 -q 
K - y L fc A 1 o.2 G a 0.8 Ni 15 ^5 7 7 KI 8 

3, ff £ 0 . 5Mtn<7)Mg^lX1 0 2 0 / c m 3 fF-/ 
LfcGaNiD45pfl|3^^^ H8 4 Sr IIS fi£ ft $ * 0 

tb 2r £ $ # H ^ * , 6 0 OtfT^-'J U, p till t *7 
v KI8 3 , p ilij 3 ^ ^ ^ h H 8 4 $r f& j& fcUfc L 0 o^t, 



WO 98/47170 



PCT/JP98/01640 



69 

p flij =i i, $ $ h m 8 4 h =■ 5/ ^ >- ^ £ fT V ^ n fftj ? 5 *>- K 
18 1, *fcteGaN*£ill6<Z>^ffi&arm<*-tfs 5)U5 

& m h- o 

3. y ^ v ^ f£ , p ffl!) = ^ ? 9 H 8 4 ©ItSiOSlJili: 
N i / Au<Z>2jffl|i£<7)jgftt£plfljm^8 5 £ 2 0 0 * >- ^ 
^ hn-i,©f^ilff^L, ^ (7) p li 8 5 © J:i:, JJ? ^ 9* 

y ^ ffl © p fti] y Kti 8 6 £r 0 . 5 (i mWlf ^ tl)f^ L 

S 45 l 1 , Til 1 2#3 e fO $ ^lcD)ltR^S-^^^ l 3 £ £ 
ilia 0i4 L, GaNgp B B l 6<D*ffi£^m£-^ 
K ffi <£> t£ l£ £ ffi Id W / A 1 <D 2 /I m it © n ffl ft ® 8 7 £ 0 . 
5 u m © f J i: i ^ U fc o 

l , $ h \z. <d /< — (d m m \z. m E & * ft -c — % f 'J o x l e 

* * IS <D *g £ X m m 1 ©»^rit«-v^^^±«Pl-*3V>T'> 

^mi&iz.m&m<omft&& < ERts - £ ^ £ 0 , ra act* a* 

iftV>5ff^-dS#e>tu5o *iI^t#f>tlfcLEDtt2 OmA 
^*3V^T> 5 2 0 nmCD^fe^^;^^L, ft ^ fift*©f 7 

U2§»i, ItitEUfeiii:, # ^ ffi H fc ^ t4 ^ 



WO 98/47170 



PCT/JP98/01640 



7 0 

fcf ^ ( #j *. ri , mftj&) oijR^fi^^^^aiJjEL^K 

HS£f?iJ 1 3 

^ m \z *5 v n T , ICIl 1 # # M £ tt 5 0 

Hlte0iJl2<z>#i£fc:«J:«9, S i £ l x l o 1 8 / c m 3 -e 

K — -f L 7C G a N^ffsl 6 £ 6 /z m <7) J¥ £ J$ ft £ i± fc 0 

teSSrttt y h L, 1 0 5 0 tt\ "OS i F - 7* G a N 
$t tfe 1 5 <7> ± IJ1 „ S i Sr 1 X 1 0 1 8 / c m 3 K — 7" L 

G a Ni9/i:5SI^5'7 7S2 l l Sr ifc ft * * « 

ftl:, ill^y 7 7l 2 1 1 ©±H, S i £ 5 x 1 0 18 
/ c m 3 U K — 7° L fc I n o . 1 Ga 0 . 9 N J: D ^ 5 ^ 7 5 1 
? ffi ±m 2 1 2 £ 5 0 0 * V ^ X b n — A<7>ff£f;L]35<;ft£^ 

o^T\ i77^i7|^it®2 1 2 <7> _t , S i £5X1 0 18 
/ c m 3 t K-7*LfcnlA 1 o.2 Ga 0 .8 N «t «9 5 J¥ 
J 2 Oty/7> hP-A©|l©l^ TV F — ~? G a N i 
9 5 J? £ 2 0 V ^ J* ho— A<7)f|2<7>jg££3£5:}-1 0 
0 IS! fC*ll¥0 . 4 (inOfi» : fliOn«^7S' K M 
2 1 3 £ J6K L fc c 

t^t, S i £ 5 x 1 0 18/cm3TK-7 B L7^nSG 
a N i "J feS nffljjt^'f K M 2 1 4^0. 1 n m <7> $ \Z. 

ft § * o 



WO 98/47170 



PCT/JP98/01640 



7 1 

n M it # 4 FS2 1 4 CO AziZ. ^ T ^ F — Zf CO I n o.2 Ga 

K - 7 I n 0 .0l G a o.99NJ:9/jiSffS 5 0 tf" >- ^ * h o 
-A(Z)Pf|gJit^^S^fj|gLT^]¥l 7 5 ^ ^ * h n - 
i»<7)^fiS^#F (MQW) m Ja © ?S 14 ® 2 1 5 Irifil Lfco 
g|4g 2 1 5 <£> _L id , /< V K *r -V y 7 s ^ * — # p 4EU 3fc 

# ^ Ki 2 l 7 J; 9 t> 7^ § < , dojStt|2 1 5 £ >9 k 7^ £ 
M g £ 1 X 1 0 20/ c m 3 t K-7LfcplA 1 o.3 
Ga o.7 ^ ^5 pl^ft -7 71 2 1 6 ^ 3 0 0 ty^* 

p #J -Y 5/ 7* M 2 1 6 (7) _b Id x K^rt •> 7x^/V^- 

pffl^ft y7*i 2 l 6 J; 9 /h £ , m g £ l x l o 20/ c 
m 3 t K-7LfcplGaNJ:0 45p«^^ K12 1 

p it 13 4 KI 2 1 7 <7> _t (d , M g £ 1 X 1 0 20/ cm 3 
T K-7LfcplA 1 o.2 Ga 0.8 N J; 13 *5)?cf 2 0 t 
>f ^ hn-AW|l©|^Mg^l XI 0 20/ cm 3 "C 
^•"^LfcplG a N J; <9 # 5 £ 2 0 ^ 7 * h n — A <7) 
l2©|^SSl:ilLtiH0. 4 ^ m^Sfe^il© 
p*^? Ki 2 1 8 £ J* £ £ * „ 

ft ^ , Mg£2X1 0 2 0/ cm 3 tK-7*LfcplG 
aNtO/jJ5pi=y^^ hi2 1 9*1 5 

t , — ^^^ans^is^^, 7 0 0 °c -c r ~ — y y/u 



WO 98/47170 



PCT/JP98/01640 



7 2 

p M m % £ h \z. ig IS tfc -ft: L fc o r^-^y/l, * * - ^ * 

RfS&«a»e>&9tiiL, R I E8I?;ffli\ ft Jb JS © P • ffifl = 
V * * H2 1 9 t , P ffl 9 7 V K € 2 1 8 £ = y ^ ^ 

y y v 5 m . y * ^ * h ^ ^ 7° & * >b t it, ■=& o y * 

v 5 ^ h?>T7 B <0PnM£*ttlUfcp<li*7S' Ki 2 1 7 s» 
^y^LT, n M W, U 2 2 3 a , 2 2 3 b illt^f nfi! 
? 7 :y Kl 2 l lO^DB^r^ffi^iirfCo 

LiJ^i, U y i^lffiW^ffii-N i /.A u CO 2 g f# it <Z)" p 
flj^i 2 2 OillLfc. :©P«SI 2 2 0 £ & < P A 9 
7 >7 K I 2 1 8 , p||ny^^ M2 1 9©*S1CS i O 2 

J;9fc5iie*«E2 2l&JBj5fcL, I©iill2 2 l ?:^LT 
P flfl * U 2 2 0 tl^6f]|I^tLfcpl^-7 Ktt 2 2 2 £ 
ff£ J& L fc „ — * , 5fe 8 m * * n ffilj * 7 V K ® 2 1 1 CO 

3t ffi W / A 1 (D 2 ® Jft it <D n {R| m £ 2 2 3 a, 2 2 3 b 

n «d « s % ^ j& l /t m > m m m 1 ^itit^x-^© 
t 7 7 ^ TSi^^©n j/js 5 o n mt^st-ef SLfci, 

^ ^^ftOp«lt 2 2 0 , niIS 2 2 3 a, 223 

u, < l t it £ n /t s « 2 i 5<7)^M®^*M®t 

Lfc„ G a N^^ 1 6 ^«^^^R&(7)#V^«i:, '> ^ ffi 
Jjj£ t /j> ?g SE L T *5 0 , L D % ^ CO |ft ^ }C « & A X Pfe £ 



WO 98/47170 



PCT/JP98/01640 



7 3 

i$, <D _h id n n ffld M £ 2 2 3 a , 2 2 3 b Lt , i§ Jf 

21 5^^ftL*^J:5tt5r il:J:^ a* M t 3 i~ 5 ?S 
t£ S 2 1 5 /6^3f5BHH;Xftfet^.ck *9 it§ it <f> ^ ft V 2i> ffi 

t£ /5 s iS < L D m -T- 7J* H Si "C t So 

* H ffi "C # /c L D * £r m & "C v - If' 5B IE $ * ti t r -5 , 

iw ^ m at ^ * 2 . o k a/c m 2 , if i)±4. o v -e , IS 

*g St ft 4 0 5 nm®i!8g38«aSlfc®cSJh,, 1 0 0 0 B# fffl fit ± 

# ift ijk Lfco 
H££#|J 1 4 

4: m m m -e , w m i a ~ m 1 c^#i^5. 

CVDgl^fflV^X, #^h7^7°||10/im, ^ h 7 ^ 
HI (£ 1 4) 5Mm(7)#ii:(7)Si02 ^ h 7 7* i !) ft 5 
§ 1 ©I^BlcIv77 1 3 £ 1 y mOg Mli^Lfco # * 
F7^7*l 3tt, t77^ Till l^ORFil^Ltl 
E ft * ft 3£ XT 5 t> CO -C fe o fc 0 

f&l<Z>it4Rj*ft'<?':**l 3 Srf)SLfct77'f 1 
tMOVPESSSSrtCty M, 5 i o °c tc: IS: £ 

L, ^rt UT#7i LX**^ffl^\ JlifSf^^tLTTy^ 
= 7iTMG^ffll\ il tR & ft * ^ 1 3%MtiiLtimm 
1 1IIG a N i ? *5fifi^5'77i ( HI ^ -fr T ) £ I*) 2 0 



WO 98/47170 PCT/JP98/01640 

7 4 

m * i o 5 o °c * -c ± # $ it it o i o 5 o x: -v s mnx * b 

LtTMGfcitfry^^r^ffl^, K - '< is v # * t lt 

*y 7 V # * ffl „ Si^ixio 18/cm 3 "CK — 
G a N !j£ dl 1 641 0 0 /J m©» S C)4 ft * tfc. 
L ^ 5 ft , G a N £p raa 1 6*)JfiS*fc^s - ^^R^t 
7> <b & "9 ft L , G a N IS ae ( & « ) 1 6 ©*I ft 7 y ^ J' 

ift^J 1 4t#btif:GaNlS H B a i, flu IB it «S #'J 1 "T? # £> 

L 7c o * © ^ * , Hi 1 4 ttlfcG a N|Si©^^^te© 
ft 14 , fi^tl. 3X1 0 6 / cm 2 -c 9 , ItRWl© 
G a N & H B H (75 *£ A ^ m (O %C t& s ¥■ &> "C 2 . 4 X 1 0 7 /cm 
2 -C «9 * ^fiW 1 4 ©G a Ni B |©ISf B ^Pfe©ttt, it IS 
01J 1 CD G a N^fUCD^frCDl/l 0 JJi T t 5 ^ ^ ^ L o 
Hife0>J 1 5 

^MMMVits Hi A ~ m 1 c ^ # i s n 5 , 

^lil 4 tffl^f:t77^TlSl 1 <D ± Id , GaNcfc 
^1^5ftfi^5'7 7ll: 2 0 0^-^^^ hn—i>,COJ¥£{£E£ 

£-fr-C2Jf{Hi£cDT±t!lJfl 2*i)SLfc. rco<7x-^C9T 
if l 2©ISl:, ^teM l 4 t P! i © f i£ l: J; 13 . # * h 

7^f ^lll 0 /i m, ^ f7^7°^i3 ^ m©#t©S iO 2 

* h 7^ «9 7^51 1 ^ 1 3 £ 1 /i mOf 

$ id ^ fife L fc o # * b 7 7° 1 3 J± % t77^7lll 

O R F ® t 1 S ?i ^ !b] ® U 5 ' § CO T fo o 7C o 



WO 98/47170 



PCT/JP98/01640 



7 5 

M £R f& ft ^ * 7 1 3^f^Lfc^7x - ^&HVPESfS& 
3g & L , 1 0 5 OtCT, IS^f^HTG a C 1 3 & £ 

t^t, S i F-7"G a N^fal 6^ 3 0 0 (im©| Jtltfi 

G a N^ b b b 1 6 &j£g£-£fc*;c--^&KJfc;&»j&»kEl!9 

tt5 U . f 7 T'f 7iS 1 1, T flU g 1 2*3i7^51^J^S^^ 

^ 1 3 J: !) Lt, GaN^iHl 6 <D « ffi £ it ® 

K tt ± if X , S i K-T'Ga NgiSSS^fc. 

* Jfe #J l 4 dr |s] # K % #F Bg fflj K *H»J o 3fe £ ^ Pfe O ft Sr S'J 
^ L fc i r 5 , ^©tttl X 1 o 3/ cm 2 ^ > HJSfe 0>J 1 
4 <7> G a N^ B B a 9 -r < ft < x ^ttSif^iltt^ttS 

ifffiffllfi^llK £ ^ -c # 0 

% 1fc ffl 1 6 

SilSl lHt, AI^iBHttL, R ffi £ fit J# 

-rSORFffi^^i-S^^T-WTSffil 1 & ffl ^ fc , 
mm®] 1 4 t mmCD ^&1<Z £ K) , Si K-7*GaNg B B B l 6 

S: l o o M mO)f $iififeg$tfc 0 ft ja , #^h7-<^i3 
fcfc > Rffii:^Lti|/^[S]|;l(;5 <z> T #> o „ 

m > H % #J 1 i SliH^rox j/f l^y h (7) # ?jf (' /> ft ^ G a 
Ng B B B 1 6i!#feJlfc. 

mmm 1 7 

* i* % (in) ffi«r±ii Ltwi, ( 1 1 0 ) m * m 

I Lfco rro^if^/Utt 1 ©Sill:, 31 % m l £ PI « <7> # 



WO 98/47170 



PCT/JP98/01640 



7 6 

ft ^ x ? 1 3 & , ORFBI^LTlil/^^ll^^Si^ 

X h 7 ^ PbI 1 li 3 m m t? fe o ft o 

rcoil^R^g-^^^ 1 3 ^ff^Lfc7t°^;HIl 1 % m 
W, 5 i ISI CH V P EffifcJ: 9 , Si&lxiO l 8 

/cm 3 T-K-^LfcGaN^Sl 6 Sr 1 5 0 m m <D J? £ 

* ft $ * 7C o 

S i K-7°G a NUI^^I^tf:^ j-^l:5fcJ^^^ 
b St >9 i±i L , 7t'^^S|l l^it/I^fiicft^^^ 1 3 £ 
7 ^t'y^LTli L, H$ b b h ^ Pfe cd ft £ JH ffi 0iJ l 4 P 
M ^ L 7c t r 5 , * H 3& 0»J T # e> ft G a N «S jfl « , H fife $J 
1 4 ©t>©i Bff^l*©xyf ? h©#f i^^^V^lT 

^Jfe0»J 1 8 

# * ft #1 tt , 4# ^ 121 8 A & «fc 121 8 B fl* # KB $ ft 5 «, 

H M 1 4 tf btlfc^-^^b, t77^7l«l 1 , 

teia^y 7 7l^J:U ! IK*fi-7 7; l 3 £ flf Eg J: 19 ft * 

L > S i K-yGaN^IOlS^lliiH, 7 V - <D S i 
K — 7° G a N *£ til m WL 1 0 0 0 Sr ft 7~ „ 

r (D S i F"-7"GaNg|ISl OOO^MOVPEH 

©S^t^rtCt^ 1 0 5 Ott\ ^©tfflii:, s 

i & 1 X 1 0 18/c m 3 -CK — 7°LfcGaN<k'J^5iSS 
3/ 7 r B 8 l & ft £ fc 0 

IS^ y 7 7l 8 1 <D ± , J¥$2 0^-^^X h n — J*<D 



WO 98/47170 



PCT/JP98/01640 



7 7 

^-ft^^FWife^In o.4 Ga 0 . 6 Ngtti8 2, ff £ 

0. 3 /imfflMg^l X 1 0 20/ cm 3 tK-7'Lf:A 1 

0.2 G a 0.8 N j: /i§ p«7 7 y Kl 8 3 , *3 «fc ff £ 

0. 5Mm ( 7)Mg ; lrlX 1 0 20 /'cm 3 -eK — 7" L fc G a 
Ni945 P (IIJ = V * * M8 4 £ MJUC j& ft £ i± 7c <, 

mt, iifi^^t 6 o o°ct — — yv^LT. piiij^^ 

y K18 3 N p {RiJ = ^ 9 V M8 4 ^fii^ftLfco * <r> & > 
p {|!| 3 v * * M 3 4iJ^^X;yf ^ftV\ S i K — 7° 

G a N^ill 1 0 0 0 0^®£^t±i£-l±7Co £ <Z> ^ V f - ^ 

/ 1: i 9 , ^ v rf ® Wr b# (D r 19 u 5 j a* 19: it tb it „ 

_h |E ai sy ^ ^ ^ & , pfllay^ ^ Ml 8 4 tf) * ffi (7> (5 \$ ± 
m N i / Au02fij|©3 3tttOpffl!ltffi8 5 ?r 2 0 0 

ty^'^ Fp-^cJiMcisiL, -t co ± m % 2j? ^ f ^ >- y 

m(D s< y Kltt8 6^0. 5 fi m <D $ fl£ L 7c 0 

^5/ h'lllll, G a N^ B B H Sft 1 0 0 0 (D M Bff <£> ^ ffi 

i- s nfflti8 7^0. 5 <t mOH§l:i)$Lfc, 

^ (Dm. n m fii <J8 h ± IE <9 L5HfioT^^7^7'L, 

GaN|^ H %S^ 1 000(DMM ( ( 1100) ffi ) , ^ <Z) M ffi 

tieftEtUlL, 3 0 0 m m#©LEDf y^^ifco 
L E Di^tt, 2 0 mAlCfc^T, 5 2 0 nmOlfel 

ft £ ^ L , ^5K<75f-7T^TS«±^m^^^*ff*^t#^ 

£j&ft£;H/ckcDJ-JtSfcLT, W tS tt 2 « £A ± , ^ilEt 

2 ffiF £A ± * ^^IwIHfcfttt^^ L fc 0 

^Jjfe^iJ 1 9 



WO 98/47170 



PCT/JP98/01640 



7 8 

# m sfe m -e n , # \z m i o & # m £ n z> „ 

Ml&m 1 8tj»fc7!)-©S i K-T'GaN^IISl 0 

0 o *MO v P Egi©S)S$Srtl:t y M, r <7) S l 
OOOW^Sii, 7 7 1 2 1 l$$£Tf?yy?ffilkM2 

1 2Sria:itSr tft< , n ffil ? 7 y Hi 2 l 3 % tt & 0 f& L 
fc Q «t 19 * 1* ft (CI , S i £ 1 X 1 0 19/cm 3 t'F-7" 
L 7c n M A 1 0> 2 Ga 0.8 N J: 9 2 0 t^/^ h 
n — J»<DfR 1 <DM t * 7V F-/©GaNn*5l^ 2 0 

i/ ? ^n-i,©i2©giS:$Il:i 0 0 Jf j& ft £ i± ~C 
& J¥ 0 . 4 jim^ilgft^ttilwnllll^y K S 2 l 3 £ ^ fife 
L TCo 

T , ni^ 7 7 Kl 2 1 3 ©ill, S i & 1 X 1 0 1 7 
/cm 3 -c K-7*LfcniGa NJ:>)*5 nffllJt^'f Ki 

2 14^0. 1 // m©)? ^ §tfc 0 

iffc s nffi*^^Ki214©±fc, S i £: 1 x 1 0 1 7 
/cm 3 t F-T'Lfc I n 0 .2 Ga 0 . 8 N i U * 5 f $ 2 
5 aj- ^ ' ^ h n-A©#Fli: s S i & 1 X 1 0 1 7 / c m 3 
t F - 7° L fc I n 0 .01 Ga o.95N<t U *5)IJ 5 0^-^^' 

a— (MQW) f$ if <7> 7£ t* S 2 1 5 

* (- > t§ttl2 1 5©i(l, K =¥ -V s> -7° 31 * ;v - # 

p W % # >T K « 2 1 7 i 0 tTvt < , o f£ Jf 2 1 5 J; <9 

t7v#V> % M g £ 1 X 1 0 3 f K-7°LfcpiA 

1 0.3 G a 0.9 N i 19 ^5 pl^f-t -7 7*1 2 1 6 % 3 0 0 



WO 98/47170 



PCT/JP98/01640 



7 9 

zc * ^ — jfi p 1RIJ y t° Jg 2 1 6 J; 19 /Jn $ N M g £ 1 x 
10 18/ c m 3 tK-^LfcplGaNJ:945p«*^ 
-< Fi 2 1 7£r0. l /imO)|Si:)jJftStfc, 

& Id , pi^^-f K12 1 7©±i^ Mg^l X 1 0 2 0 
/cm 3 t K-^lfcplA 1 o.2 Ga 0 . 8 N i 9 4 5 I? 
$2 0 t^/^ M g £ 1 x 1 0 20 

/cm 3 T K — ^LfcpSGaNi9ft5HS20tl'/ 

ig & ^ fl* ifi CO p m 9 9 s> Kl 2 1 8 £ ^ fi£ L fc <, 

III:, p fiUJ ? 7 5/ Kl 2 1 801C, Mg&2X 1 0 2 0 
/cm 3 tK-7"Lf:plGaNJ:!)^5pi^?^ f 
® 2 1 9 £ 1 5 0 & > V X hn-A«)|§ CfiHSSft, 

si *j x , ^.mnw^tp > 7oottro7i-^^ 
1 1: ft t , p a m * $ <b k is © #t <t § 0 t ~ - v > r m . 

.hJloOpM^^^^ h m 2 1 9t, p tt * 9 y Kl 2 1 8 £ 

}f L , r <7) y y^Hl^^BCN i/AucD2jf#itC9p 
IMtS2 2 O SrlsliUfc. L ^ 5 f , p W M & 2 2 0 (D H ffi 

£ Rfc # , pltll 2 2 0 ©itiliffi, p f J ^ 7 ^ K 1 2 1 8 

*3 «fc = v * ^ FI2 1 9©ittlli:s iO 2 J: B S *6 
SI2 2 1 £ ^ fi£ L , r©ftSfil2 2 1 *^LTp«tl2 



WO 98/47170 



PCT/JP98/01640 



8 0 

2 0 illWtiiLfcpll^^ F1I 2 2 2 & M & L fc o 

pi^-^ Kti 2 2 2 ^i^Lfci, Si K-T'G a 
sH S 1 0 0 0 (7) & m £ m id s T i / A 1 ro2|«tOni 
|| 2 2 3 ?:0. 5/zmCDff£ic:^j3cL, ^ O _b (3 t — h iy 
> ^ <!r<7)7<^^^if — v- a ^ffl(3Au/s n J; 9 ft 5 UK S; 

C7> f£ , ^x-/N^nti 2 2 3 ^^^L, Ga 

NlSIIfil 0 0 OOMI ( ( 1100) m) ; m 3 <D^ftfe(D 

m m m m -r 5 m ) t g a n *g 0 B B m m 1 o o o & it m l , * 

iffi^ifttS t> K: — & # 0 CO'* — <z>#^ffitf>P5 
^ & 5 V> »i ^ P> — # t- S iO 2 £TiO 2 

g>mm*tej&L , t tic P iiiii2 2 0 <© ® as # ft k ?t ft 

4S2 2 2 ^!7^ t-#vfV y^Lfco r<z>LDiif^&^?a 

-e u - if is n £ -fr fc t n 5 s ^fii^fc^t > mmmmmm 2 . 

0 k A / c m 2 , SB JI 4 . OVt, 4 0 5 nm 

(D^mmu^mm & n , 1 o o o h# _t ^ ^ & ^ u fc 0 

^t«2 O 

*II«ftt, # (3 m 9 as # se $ H 3 0 

1 5 tibllfcTy K-^G a Nfe B B B 1 6 ( f" 7 T 
>f rSjgl 1 Hi ©±(3 N Si £1X1 

0 1 9 / c m 3 t K-yifcniA 1 0>2 Ga 0.8 N £ <9 

4 5HS2ot>'/^ho - j± <d m i <o m t , T 1/ K — 7° <D 

G a N £ 9 ft 5 J¥ £ 2 0 & y JT X h n — A<D||2<Djf££5: 



WO 98/47170 PCT/JP98/01640 

8 1 

\Z. 1 OOJij£ft£*Tl&ffO. 4 /i m^gfe^i^© ni^ 
=7 V K| 8 1 & M f& U fc 0 

— ^O^— 4^#^fll3t<DI n o.4 Ga 0 .6 Nffittl 8 2 , 
|J 0. 3,umc7>Mg£rlX10 2 0 / c m 3 t K-^Lfc 
Al o.2 Ga 0.8 Ni945p«^7?Kl83, J? £ 0 . 
5/im<DMg£lX1 0 20/ c m 3 "C K - 7° L G a N <£ 

0 ft 5 p ft 'I = ^ * ? M8 4^lil:^ft^tfco ^ L X p 1 

i F-7 , G a N|gilOOO©iS^ftllHt, 

± n fJUJ ft IS 8 7 & flS L tz o - * > P ffilJ ^ ^ 9 V V Wi 8 4 

CO IS 13? £ m \Z \t 3 ft 1* <?> P AS « ft 8 5 £ fife t , * ± i- s 

^y^ffl©^7 Kits 6 ^iiSLfco M & J- , 17" 7 

fc ^ , i»Bt^7,^7^7 i Lt 3 5 0jum^<Z>LED*^ 

£ # fc o £ -T 5 o 

ibtlfcLEDif tt, H tf'J 1 8©LEDif tttgEL 
T % {±5 m 1 • 5 ffiF , fttftE^IIll • 5 m \Z. IrJ ± L fc o 
2 1 

n ife 0»j i 5 (D^mizmzx . m m m 1 5 7 7 << r m m 

1 1 ©±HG a N i 9 4 5ffifl^s'7 7S 4: 2 0 0 3r ^ f X 

4 /im©f ^dftHfci, H J£ #'J 1 5 t^C^lOl^ 
ft X ? 1 3 &J&&L1t 0 

& , ;O7i-A^M0VPE|f ii^iL, S i £ 1 



WO 98/47170 



PCT/JP98/01640 



82 

XI 0 18 / c m 3 -CK — yifcG a N^S 1 6 £ 1 5 // m 

r <D G a N ^ b b h 1 6 (D ± x il^)2 0 C n 1 ^ 7 y 

Fl 8 1 x ^14182, p«^7yK18 3, p fl'J = ^ * ^ 
F|8 4 £ Hi id ft £ -± f£ , H IS f'J 2 0 t m Z M & ft o 
t 3 5 0 jimftOLED|f^#fc 0 :©LED*^tt, H 
l^ij 2 OWLEDi^^iHSIf^ttt^^L, £ fc if # 
^ ^ f!l 2 OroLEDi^Htt^lSjitfco 
H JiS 00 2 2 

1 0 n m "C >9 , * hv^^°^Ri^5 
/imtfcofcfil^li, IIW 1 0 ^iCLt, t77V^ 
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^ Jt ^ T ^ iH £ Pfe © ft 2 #f £Jl ± '> ft ^ 0 

y h^^Ht^7y^^*fflt\ GaN^ll 6 (D ±\ZL S 
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m ? =7 v k m 2 i 3 ^fi!fi^*fc 0 

ft X , 1 0 5 0 t T\ 7^ K-T'G a N i D * 5 n il 3t 
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\z. , tas^r i o 5 o ti:J:!f , t m g , tma; ry* 

- 7 j3 J; C p 2 Mg^ffl^t, p fll 3t # Ki 2 1 7 J; 9 
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t5 , u - if 56 £ ^ K *S H ^ m # S « ^ ^ © tt * "C «£ 
^ L ^ < < & 5 « ft £> 3 tf> , *^-^##^g<^ t 9, ft 
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t Lfc t r. 5 7 0 % JBA ± # 1 J5 H# [fl] _t <D # ift «r ^ L it 0 
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^ h b b1 6 tt, Ttl 1 2 t0ffB^f,*Jj;Je 5 m mg$*-e 



WO 98/47170 



PCT/JP98/01640 



8 9 

<d $ <d t m « m n & a x m <d # # < . r <?> t #j « «t 9 
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L , L D * =f- £ m It o rilbOLDif tlSifitlfifl 
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l^iS^j: t i$ IS |WI ^ -C h o fc AS , M O V P E G a Nfil© 
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3 f F - y L fc G a N i !) ft ^ f ^ 2 F o - A 
cO|j?2cDjf£:£3;fcj&ft£-£ N & J? 0 . 6 /: m©SH^tI 
CO p M ? ? y F|2 1 8 % j£ ft $ fc o 

ft ^ , Mg^lXlO 20/ c m 3 F - 7° L fc p I G 
a N i >3 ^ 5 p fij 3 y ^ ^ F|2 1 9 £ 1 5 
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9 6 

— J* CD m £ ft $ * it o 

S«?SS^?)lS?ffl & ± g <7? p ffiij v ^ ^ h JS 2 l 9(7) 
^®(CS i 0 2 f* » HH £ T^tfc L "C , RI El:i»), S i C 1 

# n IRiJ ^ > ^ ? h Jl 2 1 

* & 31 ffl L > p #01 = V * * h m 2 1 9*3j:T*pflB*7S' Kg 
2 1 8^i7f^^Lt, 1 (imOlBtttS !) j/v 5 ^ h 7 

7° & m & s y v & <» \% m *s £ v p #j * ^ s> F12 1 8 <d 

SaiSffif'Z r0 2 £fe *t HI 2 2 1 £ , pftljn^^^ h Jl 2 1 

9<Dmi®tfmm-tz>£o\z-Mf&L. ^ commm 2 2 1 

X % p m = >- * * M2 1 9 t t»WI-ftttbtl£^P flit 
i2 2 O^Bs^Lfc, , =■ y > ? \Z. £ Y) %)& Z it n 

m=i is # t v m 2 1 1 co m m iz. n my a is 2 2 3*)gnfc. 

_h (7) J; 5 CLtft^fc^i-ACG a N^f!ISf£ l 0 
0 0?rff|Ui< Ufcft, GaNSS&S&l 0 0 0 & §f M 
L , -t<OfSMffilziLD*iFO*lBffiSr^^Ufeo » 01 & * & 
LD*T-^f yT'i LT^iL, G a N 5j£ ,f H K « 1 0 0 0(7) 
Iffi^t-b^y^titLfco - <7) L D -T- fit , BR it ft % 
mm 1 . 5 k A / c m 2 }ci3V^T^?&"CjS^^]>fe V" — if iSE 
^tfL. 2 0 mWCffl^il^^t 1 0 0 O^Pfl1^1©#f 

^ t fco 

* *s , temmmx*n. m m m 3 0 -e # & ti it s tg & m ^ t 
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y & -f mm t -t z> m & x* , m m m 3 1 & xxfrnrnw 3 2 
# b ft fc , nii^ttttteft^^E&Kttfcfttefc^ftttStE 

^ffi^5:HK^5o r^^-^, n OH 3 V * * M 2 1 1 
li^SiftD, =■ v =5- ^ ^ «t 9 ft & n £ £ 19: It 7c M O V P 
E*£ift*fcteHV P E £ & £ ft U $ * , -t O ft W ffi n fHU ft 
H 2 2 3 ^fit5;HK^5o 
3 4 

31 ft #J 3 1 t*#?)tifcia^E?rtoTS i # K - 7° $ ft 

fcHVPEGaN^ H B H W*® (t 7 r 'f Tii 1 1 ^ ^ Bfe * 

$ ft ft 9 t S *T iM <v m ) i- > nffijay^^ M2 i l Sri 

2 12, n M 9 5 5/ K ft 2 1 3 , n « * ^ >T KI 2 1 4 , ffi 
tt|2 1 5> p#Jdff>7 c i2 1 6, p ftlj % H >f K ft 2 1 7 , 

p m ? ^ ^ k ji 2 i 8 *j x v p ft 3 > 9 ? h m 2 1 9 % m & 
i^t , n ft 01J 3 3 t m m l x , p M = is 9 9 y s 2 1 

9 13 J: V p ^ 7 *; K ft 2 1 8 x 5; f y / 1 1 , 1 m m <@ 

©y f7^7$r^iL, i6 m m 2 2 1 * m m. t , p m 

t* 2 2 0*pfljay^^ M±l:»(*l, - 77 s n ffilj ft « 

2 2 3 a Nglalfi^iffll^f ^Lfco L^5i> Ga 

N^^mm^mm^ h , ® m -e # s j? $ * t? m m u , n ft $j 

3 3£P1«K:LT§$HJL, LDl^^ifco * H ft 0>J T tt „ 

G a N^JgSilJl'IriJFIiSS L t t) ^ £sl IE #S jjg ^-j- b tl T V 1 5 fz ^ 

i^K-7"infcli45. # ft L D ft , H ft 01J 3 
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m m m 3 5 

* m ife #J -e > 0 7 A~H3 7 d ^ # i cf ix 5 c 
CS^ilt Lttt, Affl^|^t50RFS^It5 
t77^7iSi l iMOVPEgS$«rtl:iry M/fc. 

?a S £ 5 i o°c(ci5^Lr, * y r # * £ it^i^fflv^, 

mm l liliGaNJ:0ft5fiI^y77il 2^^200 
iaf 1 0 5 0 o Ct\ l^^f^HTTMGjJitJ'Ty* 
i^rlXlO 18/cm 3 UF-7'LfcGaNl7U2(i 

L 3 f£ , GaN|7 lCDil;, ^h^^^tt^^^h^ 
^ £ fr2 fife L , * ^° -.y ^ B £ 9 , ^h7^7iti@l 5 m m , 
* h7-f 7f 9 1l3 m-Cll OlilfkT-^*^ 
/imOf Jlir^LfCo iV^T, RI Eglia^ GaN 
17 1 ©ii^OS^ ttx -^f y^"LTi7 2 £ fife L fc o 
G a N JB 7 1 fit N ffi 7 2 (7) llij ® jo «fc j£ ffi *5 T CO H M tti 

u^fco * ~m.it >r m * h ? << ■? n > y r J r 

mm i i ooRFffiiauii/^^i;i^H©tfco 

b *u « 5t © , jb i o - m it >r << m -v * * , at 7 2 « ® *3 
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<Dm 2 co - rn.it << mm %m i 2comm±<o^^^xnm i 
co - rn.it tr j m * h =7 ±<DMft > m i 2 owm ± 
o^^o^-^cF 4 to 2 •# * (o -# * * v *?"y ir u 

LtfflTxyf y/lfc 0 ^< Lt, ffi»Si*7 2<0|HI 
ltf>fifc*fM»^;**7 3fc, |7 3©Mtit 2 co - ®t 

G a N « 7 1 id ft 7 2 tSLX*\Z.ft \ & &X*fi 2 <DtfL&n&-T 

X ^ 7 3 & «fc 7 4^i^Lfc7x-A^MOVPESfSf 

» ft -fc y hi, 1 0 5 0 °CT, g^^'^t L T T M G J: 

T ^^E-^T^rffll^ R — X V V ft * t Lt^7Vjtf7Srffl 

V> T , S i £ 1 XI 0 1 8 / c m 3 t K-^ L fc G a Ngi 

7 6 ^ 3 0 Mm<73J¥£{c:j5£:g:£l3:fc 0 

: ffl J: 5 T S i K"^ P GaN^ H H7 6^|5jcfi^-1i:fc'7 

— ^ , it fcfc CO & , t77^ 7S«1 111:^5/7 711 
2 £ fig ft $ fc & , ^©il;GaNl7U30jim©f J 
(3. ^ j£ L T it CO G a N S S: # fc „ 

I i r 5 , *S dl * Pfe <Z> & ft * M ffi, m 3 5 CO G a N £ « ^ 6 
XI 0 6/ cm 2 tfeofcWCML, ttg©G a Nlili 

I X 1 0 10/ cm 2 -Cfco/Co 
H Sfe #J 3 6 

£ jft M 3 5^)^?£ia^ -T-^T^TSfel 1 CO ± ^ T ±fi 

II 2 iS i K-7G a Nl 7 1 ^^I$ffc„ G a N Jf 7 
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1 iz. V << > V 7 \Z. £ 9 HJg 0ij 3 5 i |*l$t tf> ft 7 2 ^ ^ ^ L fc„ 

» b At st <o ± m k - & ft ^ >r * m & m j& l , m 7 2 <om 
m ±(o z.mit'r -( m <d ^ y > ?~ x v m£ l , mi 2 

f B 1©l©III^I 9 ^ 1 ©^ftffl^vx^ 7 3 £ ft 7 2 CD 
U&mi$S2(Df&&MW'?x? 7 4 SrJg^L, ft 7 2 co fiUJ E 

t^5V^T©*G a Nf 7 1 %f[il §tfc 0 r©^7x-/N^ffl 

X > H % 0»J 3 5 i:|SI«<Z)^jfe^J:0, S i h'-^G a 
h b h 7 6 & S § * o HbhfcG a N & B B B £ 7 6 CD Hi b b b £ 
% CO % * I'J £ L fc m > ^Ifl 3 5^lll^*Sf^ # 

H Mi #J 3 7 

G aN|7 y^Srt77-f 7S1S1 ll:15t 

tfrofc^^tt, MMM 3 5 b Wim<D ^felz £ y , s i K — 

■7°GaN^ H B H 7 6^J^g$*/-Co rWG a Ng|li, H #'J 
H 0iJ 3 8 

# H ife 0fl TM* , 0 8 A 33 «fc U? 0 8 Ci5#i$n5, 
H Jffe 0ij 3 5 CO 4= j£ m m CO ^ & id J; 19 , S i F-T'G a N 
Kg (§1 7 6^2 0 0 MmGDJ^^^J&g^ltfco r © ^ x - ^ 
bt77>f TSfil 1 , Til 1 2, G a Nl 7 1 K/tl 

ft m>j w * * 7 3 *j «t u« 7 4 ^iiia ^± 7 y - © 

S i K-7°G a NU B B a IS^#f; 0 

:«S i K-7°G a NlSSii (Sftl 0 0 0 ) &MOV 

PESllOMOVPESJSf Srti:t y h L , 1 0 5 Ott% 

SS(7)^ffi±l:S i & 1 X 1 0 18/cm 3 K - 7° L G 
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a N J: 5 45Ki^y 77l 8 l ft £ fc. „ 

^7 h n-A(D#-I^#Fii© I n 0 ,4 Ga 0 .6 N ^ 
|4|8 2, J? £ 0 . 3/xm(DMg£rlXlO 20/ cm 3 
K - 7° L it A 1 o.2 G a 0.8 NJ:«9fc5pH!l*7yKJi8 
3, J? £ 0 . 20 / c m 3 t 

L/cG a N i 9 4 5 pfljay^^ h S 8 4 & 1(1 Hi fi£ S £ * « 

fjlffl U> Iillin 6 0 0 tt7= - y^^LT, p 
ffll * 7 y Fi 8 3 , p M = ^ * ^ h JS 8 4 & i&tfktfiik Lfco 
* ft , P fll = > * * M 8 4l^5)X y ^Irft^, G 
a NlS B B B i« 1 0 0 0<Z>^E&RUtt$-£7to 

3i y ^ ^ ^ ft , p M = v * ^ hi 8 4 ©isoisff^ffii: 

N i/Aui9458*ttOpll8 5 £ 2 0 0 tf" ^ * h 
n-A^IISlJl^^L, ^ © p ti 3 5 _h , ^^-t 2 '^^ 
/fflC/N 1 -; KII8 6 £r 0 . 5 At m <7) J? $ \Z. M J& L 0 

L ^ 5 ft , G a NISbIISI 0 0 0 ©lliffli:, nMU 
8 7 & 0 . 5 /t raCSSC^^Lfco 

#biifc9 = -^*nil8 7 tf> b * * V 4 ~? L , G a 
NS*£l 000OMffi(( 1100) ffi ) t , ^ ©MBCiil* 
ffi-CltWts 3 0 0 ^ m^CLEDf ^OLE 
D 2 0 mAC^^T^ 5 2 0 nm<£>H;fc3§ft£7^L, fE 5fe 

« id m n fc W £r * L fc 0 
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mMm 3 9 

* n to m "c tt . mi o as & § *l s „ 

Ne a B B 7 6^ 2 0 0(/m©f^i:^fi^tfco £ © £ * — ^ 
4>?,t77'f7iSl 1, Till 2, GaN|7 lttfl: 
J& ft 1W W ^ * * 7 3 S3 J; T/ 7 4 £ #F ^ id £ !) lit, 7 11- 
<D S i K-T'G a NilifiSrifc, 

;©S i K-yGaNSSIS ( S « 1 0 0 0 ) £ M O V 
PESliOMOVPESJ5$Srti:ts' M, ^ y 7 7 1 2 

1 l is XTfi ? 7 *y # V5 itm 2 l 2 SrUfStS w t fe< . S i 
K — 7° G a N^ h b hS^ 1 0 0 0 <Z> ^ ffi JLJ£ x S i £r 1 X 1 0 
19/cm 3 t? K - 7 1 L fc n 1 A 1 0.2 Ga0.8 N £ 9 & £ 

f$20ty^7,hP-A©^i©ii:, 7 y K — 7" g a n 
X 9 & -5 £ 2 0^-^^^ hn — A<£>fl2<7}Ili:2:3cS.f-l 
0 OlS^f Ht, ff 0 . 4 /z m (7) i£S f& f# 3t ft it <7> n 
^ 7 v K ® 2 1 3 f ^ L fc 0 

g^T, nl^ 7 ^ KI 2 1 3 ±1:, S i & 1 X 1 0 17 
/cm 3 T K-7*LfcnlGa NJ: 945n«*#>f Kl 

2 1 4 £ 0 . lMm<Z>j5£^fi£ft£iir7c 0 

o^t\S i £ 1 X 1 0 1 7 / c m 3 "C R — 7° Lfc I n 0 .2 
Ga 0 .8 NJ:9/j:5|$2 5tV/^ hn-AC^Flh 
S i «r 1 x 1 0 1 7 / c m 3 ■cK-7 , lfcfS 5 0 t^/^ 
h n — A (7) I n o.oi G a 0>95 N i 9 i& 5 Pl*l i: t 
Bgfi §tt,if 1 7 5 ^- V ^ fo — A(D^.fifi^-#p(M 
Q W ) ii|OSttl2 1 5 £ fijc L fc „ 
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Ik (c N /<>> K =¥ -r v = ^> — ^ p fcij % -8 4 F12 l 7 
J: 9 ^ * # < , 2 1 5 J: ^) M g £ 1 X 

1 0 20/ c m 3 f K-^LfeplA I o.3 Ga 0.9 N ^ 
^) ^5 pl^t y^l 2 1 6 £ 3 Q 0 * V v" * h n «- CD 
$ id J5jc g £ * o 

o ^ -e , s<> K =¥ ^ y ~7 * n> — p M * \ y ~f M 2 l 
6 J; >9 'h £ <^ s Mg^lXlO 18/ c m 3 t K - 7" L fc p 
SG a N J: 9 45 pi^^^f KI2 1 7*0. 1 m«f^ 

\z. & « $ fc 0 

L ^ 5 t ^ M g £ 1 X 1 0 20/ c m 3 "C K - y L fc p 1 

Al o.2 Ga 0.8 N i 9 /i5S§ 2 0 tV^^ f o - A CD 

9R 1 ©I t > M g £ 1 X 1 0 20/ cm 3 f K-^LfcpI 

G a NJ; «9 * 3 ff $ 2 0^-^^^ hn — A<7>i!20g<i;£r55 

IC^ft^tT, J£ 0 . 4 /i miDgfef it<7) p {(l!l ^ 7 ^ 

Fi2 1 8 3r fi£ L 0 

f M g £ 2 X 1 0 20/ c m 3 x* K - 7° L fc p S G 

a N «t "9 2> p #J = ^ ^ ^ h Jf 2 1 9^1 5 

ft *5 ^ T , ISfll^^ 7 0 0 tt7--!)yn, p 
M € *r £ b m {£ IS m. it L ft o T ~ - y ^ ^ m , * a. - £ S 
/£2§3&^k&9fflL, RI ElliaOftliOpiay^ 
^ M2 1 9 p M ^ 7 V Ki 2 1 8 t^x^f y/U, 
4 m m co x h 7>f ^fitWtS y y v 5 Sr # * U y ^1®©^: 
E t;: N i / Au J; 4 5 pltft 2 2 0 $rr^Lfc„ 8; i- , 
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ptffi2 2 0 ^^< p M ? 7 -y K m 4 8 , FS4 9 

(Dmttimi- s i o 2 mmi&2 2 1 & ^ l , ^ «fe » bi 2 2 

1 Ltpl« 2 2 0 i«ft«J|:««tfc/'«S' K * ffi 2 2 

Li^fL G a N^ H B H iIl 0 0 OtDlffilSl^ffil^ T 

i / A 1 J;0*Snffi!|«ffi2 2 3 *0, 5 um©Ul:l^ 

L * (O Ji t — h i/y ^ i ^ 7>f ^ - v'a ^ AH- A u 
/ S n i ^) /^il^ff^Lfco 

^ (Dm, ^x-^^nti 2 2 3 ^P)^^7^^L> Ga 

N & jfe 1 0 0 0 CO M S ( ( llOO ) m ) ; II 3 CD A ft ft CD jflj ffi 

l;ffiSt5ffl) T'GaNlSlOOO^^-ttSIL, * 
iiBi^KLfc. * £ ffi ffi fe 5 v> 14 if h h fa - # s i 

o 2 k i o 2 toti'&ft.&mm&B&LLs titpii 

sp fj ft # rS] -C , /^-^^fftTV-ff^^iLfco & 
f y 7" 7 x - XT y 7° (mm t t — h ^ £ St 1*1 L 
ft fi£ ) ft- bi/V^l^f L, ^'j/ Ktft2 2 2 Sr!7>f ir 

— # ^ -r w y ^' Lfc„ rroLDi^^ttfi-ey-flgS^t 

fd £ ^5 , lll!^^S2. 0 k A / c m 2 , M US « ffi 4 . 

0 V "C , IS H $t ft 4 0 5 nm<DaSJHS««* s W»SiT', 1 0 0 
0 B# ffl _h CD 0 tit % * L fc o 
* ffil 0iJ 4 0 

G a N^^ft^itSl^iCS i * K-^L^^ofc^^ 

H % tf'J 3 5 t Wl Z # ft i~ «t «9 T ^ K - 7° G a N m A 7 6 * 

J& ft $ * o rcDGaN^ B B B 76 (SfelOOO) % ^7 
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r >r r mm 1 1 ic^wpstt^ttin-cJEJiT^^^wst^f^Kfc 

fife ffl L fco 

Si 1 0 0 0 ±11, Si^lXlO 1 9 / c m 3 "C K — Zf 
LfcnlA I o.2 Ga 0.8 N£9&5J¥$20 ^ ^ ^ * h 
n— A<Z>g$l<7)Jlt, 7^ K-T'WG a N«k 9 $ 2 0 

^-^^•X h t? — i^<D^2<DJlt%^5:(-l 0 0 H ft £ * T , 

J? 0 . 4 m m co m #1 it <7) n ftij ^ 7 y KI 8 1 £r J£ L 

O^t, n i ^ 7 Kl 8 1 <7> ± tH % J? $ 2 0 3" ^ ^ * b 
D-i.©f-If #FtgO I n 0.4 Ga 0.6 N i& t£ Ji 8 
2, J? £ O . 3Aim(DMg^rlX10 2 0 / c m 3 t K"7° 
LfcA 1 0.2 G a 0.8 Ni9ftSpffll^7y KI83, J¥ 
£ 0 . 5 /zmCOMg^l X 1 0 2 0 / c m 3 t K-7*LfcG 

X p flij = V * ? M84i»e>iyfy/tffV^n#|^?S' K 
18 lO^ffiSrSffi^it, » ^ ffi n llij ® ® 8 7 Sr tT2 fife L . 
— -)3 p ffi) 3 ^ ^ ? H8 4 (75 IS \$ ± m I- 3^ ft 14 P All * * 
8 5 £ fl5 J* L . Z (D ±.\Z. ^ JKyf-r V/fflO/^ K«S8 6 
&M&\s1Zo ft » I- x t77^rSfi«r*S^?)^^J|Si5 
5 0 |jmiSl:45*Tf»LTi< L ft , 5F 0 S ft'J £ * 
^7^U 3 5 0 fi m^O*f*#fc. 

ft fit 1 . 5ft, »tifftftl. 5 ^ ft _t L 1H 0 
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m * co ft ffl 

^ m -e ^ $ tv fc t jffi m t frb ta z x w & <n ±. , %t % & 
w<dt mm^Mm^mn^^mm^ & ^^.w:com i <z> & & (B 
i ^Ji^j^ft-^^^ * ^ -r s x a > *j «t a 
(b) ^x^3isiifc<t{;^xtiii^ffl^t, 

2 Ik m ¥ * f* £ , f« » l±J L fc fjE T S © * ffi ^ <b , ffi 

2. ^ m i <om&i&&"? * * -?m.t>ti it&T mm <n toft & -St 
&mmnt& . %% w> i (D m t>± b m & thtcmr mm v) i® ft co -a- 
f\-mmm x k> t * % m m i & <d x m 0 

3 . RfSicDjt&JfcfiT^^ris/niMiifilHL. W K ffi 1 

4 . Z h?ti<D & * h7^/©ii:^lvf^©ii 1 (D (D 

5 . ^ ft ^ ft <£> & * b?>('7'(Dmk : £ti : ein<D& & l © JS o 
<D ft # , 1 & & x. , 1 0P;Ttfc53l*«4iEt©^$o 

6. tJlfncRHSl©*!©!^, 8 /i mET*C, 0. 1m 

7 . *rft-?ft<otftj6i0)$S<Z3*IriS, 5 fi raEITt', 0 . 1 n 
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8. H -?f tl <D %%. X h 7 -f 1$ , 0. O 1 5 /i mW)? 

$ & m -r % it * 3 1 a « # & „ 

9. IliSS^, ^ <z> £ ® (OOOl) E £ « fi£ 1" 5 

77>f TSSI?*^ # * h7^/^ N f-77^T<7) ( 1120) 
1 0 . g£ m a S t£ # , y T > V )V £ ft 7c £ ffi & W "f S ft * 

9 ta is <d ft m o 

i i . m m u m u ^ > ^^y^^^^-^r^^/v^^fc^s 

l 2. Jto^aids (1120) ®^t#^i~S-9-^ 

7>f7isce*)9, * h 9 >r # , it- 7 7 ^ r <t> ( 1102) 

l 3 . i£ £ S £ £ tf* > *r7 7>ir/i'£titz±fR&1i'tZ1ll* 
fi| l 2 IS ft o ^ jfe o 

i 4 . is m n m m & > ^ f ^ i-t 7 r y $ tit±ffi 
& w -r 5 1 it * « 1 3 ia m <d m „ 

1 5 . K m ft £ £ * s . * co £ ® ifi (1 l 1 ) ffi * m fi£ -r s * 

f^/HSTfc 9 , & * h 7 4 ~f & s X\?*A'<D (1 10) 

Ltlit**ftKJiV5»#*3 IE « tf> # i£ o 
1 6. I IS (b) flS , I^^l<7)^|b^)¥*ft:cO^S^(-nSi 
^Mfel: K-7°t5 ^ t £ £ bi^^tflt*^ 1 IE«co^fe 0 
1 7 . SIlISi^»ti5i:oiiK-7'ISiS/hJ < 45 
«fc 5 S'!£nM^M^^ K — ^SftSfSsfcJg 1 6 IE tit co # & o 

1 8. ^7ftiil^^t3ijuil^ ; &^tk 2 0 0 0 
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1 9. # xft&XWL k aft 3 WtTcMtSL k & frit l 8 o o 

^Ttwiat5tt*j| i s ia m <d m o 

2 o. ^xtliiit^^t3l^II!lt^^;Hti 5 0 0 
^Ttil^t5sl*JS l 8 IE m <D ft ife 0 

2 l . ^'xtlil^^«3iSiI^*;Htl 0«± 
t? ift 1~ £ It * Jl 1 8 f B it ^ & „ 

2 2. f ^ttil^'^ft3i^ilt ^^/Vtt3 0J^± 

■et^t5tt*« 2 i is ffi (d jj m o 

2 3. II (b) {-:}ott53ll<D^b^^^f£^j&S£^$l 

^ m n m ^ s & -c *t ? 1 1 * ji i 8 1 e « <^ ^ m „ 

2 4. tltft^iff©^!^ 5 0ft^L 4 0 0 Torr ©HJ± 

t-cit?w*«2 3 is m <d m o 

2 5. II (b) tc*m5fBi<0&ftft¥i*tt©J*ft&#« 
4kJR*S*Bj*£SHwJ:!9fTV^ xm (b) flft^HfcsIli 
<D & it m ¥ m f* CO _h ^ , ^ 7 >T Ktffi^S?iCJ: ^2©l 

(hft^iftirissstsig (c) & £ <b i- tr m * i is 

tt # ft o 

^ * ffi m # , mm i ©«^t>t w$nfcRTm©»^© 

^H-Sffili t) %*#v^i*iS2 5 IS 4ft © ft & „ 

2 7. SiirolK^S^^^iS, E ffl L s IB ^ W, 

(55c$tb5it>}t3S2 5 is * <d ft m o 

2 8. ^ tl^tKDm ^ h ? >[ ZT<D1R b Z tl^tMD&M 1 <D& 
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<D m cd it & , 1 & ig X. , 2 0&TT$)5tt*5 2 7!Biw* 

2 9. H ^ *l cd S£ * h7>f y^fii^iifiKORIB l OS! 
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